EOS, vol. 62, no. 30. July 28, 19B1 801 


r 


i * ~ — - 


^ ■ '■ ' 

•• ■ •; ■ , * " ' 


’**u«Au» vi, . 


: : ;:^vvJ- 


-»-;• • -f , - 






*K 4 


“I 




w. 




■■**. j 




r <*.' *'~ 


/ & ;!•' 






'. ... • , .**&<>' ' 

' • A i l .-> 1 * .A^aM. 




me 




»we ■ 




0| s* - *., ■ ,4f . v*"* 

./. _ .\/ ■ -'. .H-.-i; s» '■•;•■; '; 



r J‘IP-‘- t >-s ,• •• r. *7 . •••*'-»•* " ‘ 

| U”*| 

/•if, J 


t06 *- ‘w Ainr 68 uaswiN 89 awniOA 

NOINn IVOISAHdOaD NV9IU3NV ' 8 NOI 1 DV 9 NVU 1 


• "■ i;;n j 


EOS. TRANSACTIONS, AMERICAN GEOPHYSICAL UNION 


VOL. 62, NO. 29, PAGES 585-600 


JULY 21, 


Volcanology 


0599 Volcanology topics 
MICROSCALE CHEMICAL EFFECTS OP LOW 

alteration OP 08 dp basaltic 

CLASS rS 

l.B. Allln-pyilk |Thn PO Coiporatlon, 
l,(, »*ttl Hill. PA 19401 ) 
and B.E. 8 oaa*c 

Major and trace (1 silent coaposltlana 

5l,I r ?Je.* na 9 I roe OSDP 

Site 3988 ware determined using tha 
alaccron alcroprobe end a (elected area 
a- ray (laoreaccnce technique. The 
qi asset ware found to release 
approximately one-hall of the or Iq Inal 
SI and Ak. two- thirds of the Kq and Na 
and over 90 t of the Ca originally 
present, during alteration to 

iLShiii”: /l *" d T 1 W#rt foun<1 *» *• 

iwoblls, and X waa incraaied 40- fold 
hy concentration from teavater. For 

the fc“*!L“ , 5 1 2! ® w * r on *-*»“«rtar of 

tne in, Cu ind Hi were released, 401 or 
the Mn. and aver V 01 of the Cr. iheie 

f?2ih*S»SK l ^S ly to th n corwerBion of 
1 rein 9 lass (aider one lass) to 
palagon ite feat elite) , and do not 
!??!??• f he Br,ecl8 «f autM genic 
pi>llllpalte and calolta repreclpltated 

irrMtr* ft * B ! ff *I e,,ce * hBlw#Bn the 

° r l0 *f ‘■■Feature weathering 
on the crvatalllne baaalta and the 9 
glasaea appear to be primarily • 
function of the suaceptlblKty of the 

,hi «it." lner ** |rtlBBM *° atteet, with 
the glass, aa the least stable phase, 
•net altered. (Alteration, glass, 

palagnnlte, enectlto.i 

I* Cf ®Ph»a. See., led. Paper 111047 


lUgw of Evolution of ■ illicit imgsttlc systac 
of uihlMtlil lift r»4 longevity. The 
rhyolites ere sparsely porphyrltlc to virtually 
.^M. C, .. COntllnin9 « 4 P' * *•" ♦ bl ♦ Ab ♦ m 
• elUnlte • opx * cpi * Te a n * ap a ilrcon 
(henocrysls. Major- and lrace-el«nent 
depositions of all 36 rhyolue extrusions art 
constant vllh derivation" fre* SSI,"* |£ 
' JJ c,e P4r*ntal eolorlal by liquid-state 
ftbffcL IT r Ut -” ^ WW> " ,n Co, PO*'l‘onally ana 


- i T_ 7 ■■■ vu-Mtrai l igni | ly ma 

r fc Iwwl "PiM* systws. Seven 
thwlcally hiaogeneous eruptive groups asplacsd 

M, 1 - 1 ' °- 6 - Ml 0.1611 

Sn^hatu °;r 6 ,":, y : , , 8 ° ei .'* be <»*tlaQSld,ed on 
6f *»!t K-Ar data, The 


819* V.ilrinnlvor topics 

» "HITT H000 ADO muCTWE A1 DETM- 

Kifarrr tvm tur seismic p-iiave trui «5»m 

|1 fl <*:*■ *«lcilesl Survey, jas HUdla- 

Iteld area, K.nlo Fait. Ce Ills, els 9402S) 

*■ H«« and H. M. Iyer 

, * aciesl* miwiI vas tabllihad le 

•he ttou.it Awd area u | Orvonn la »); 

ih^ll «o ivalnett tha’sM- 

e!tJ^!I!T , " V 1J, ** ,w w “ 10 »onll«r local 

■'*» ,n oiodr the P-vna vvioctt* 

ItriWtgVl gf |^ v rrU || mhos fj.f 

•hr n -»,he 

lurel Iltihqulu Mia rnroidad. All these ’em, a 

•re spat telly «.«ci.ud with ite vol^ JT 1 ' 
■rr-riad d.pth. rn#|1 « 

•nae "ruseo ll m t M,,h- 

Hr. , n *' " r * Df l»aa than 2.0 

l * l '»»l«sa were recorded by tha naf 

The » rfa"‘i 4 !“ 1 E-wave delay !|u<r 

Th® rcardual, (as, the p-dalnv atodr lad M. *’ 

,hJ ' *h. r. „ etjw,,,..”! 

sjsrajawssa-: 

1. fiaophye. lea,, tpd. Paper 111016 


tna K-dr attt, The 
S.SLtol.rtE'.. lr ? JPf^lcally minor and 
,ct ,rc “ *••« younger troupa, 

thi 111! ™™ts? !5f, Mr t0 c h#ve * 0,v * fr “« 
'*** ragMlIc systea. Erupted volwe-tlae 
relations suggest that sail I anoints of nama 
w*r» bled Trca the top of a silicic r as tr voir ^ 

o.2« e,r I y y tw *l!! t t^T'T r ! t# We th# ,an 

u.ca m.y. The Interval of reoote hrt^nan 
eruptions appears to be proportional to the 
VO use of the preceding er% t WeT ' ThW 

sil^ “ mpmS? 11 *T UP11 °” Ui * p '* ee 

rat! i!®J It a constant 

sswEirrrr 

volat11e-rlch fl lr»i. OW r , 2. # p ,l0,,,e E«wal of 

RSME 1 ® 1 , .t,E 

3- 4m,ph,a. u... w , „ pic W0M7 


■599 Volcanolopy topics 

ATTBiDATIDJI OP P AMD S WAVES 1 H A HAOIA CHIHBI 
IN LOW VALLEY CALDERA, CALIP 0 KOTA 
Florlane Ryall and Alan Ryell ( 8 ela«>loilc(l 
Laboratory, Unlvatalcy or Nevada, Mm, NV mil) 
Shallow eorthquahai around tha louchwtd bei»- 
dary of Lodi Vallay caldora, weat of tha HSItoo 
Creak r«ult, are charactarliod by lack of I -" 11 
at raglonal aolenlc aacwork etatlona to the 
northwaac, north and northeast , and (-""i W 
theae aemo etntioa-eveni cooblnaclooa are dalKi- 
■nt In fraquonclaa higher then about J-J **• 
Earchguakoa oant of tha Hilton Cratk faelt 1 
■oucheaat of tha oaldara have unreel P- aed •* 
wave algnaturon at the aana atatioaa. Thai* 
effects ara explained by propagetten chiouij 1 1 * 
biem chaobar In tho aouth-cantral part 
Vallay caldara, at dapeb greater than J-l «• 
aaophya. lea. Utt., Papa 1 L 05 U- 


5599 Volcanology toplea 

MAGMATIC VOLATILE! IN EXPLOSIVE IHTOLITIC 

B 0 PT 10 NS 

J. C, Elchalberger (Saadi* Hetleoil 
Laboratorlaa, Alboguarqua, ffl 171 S 9 ) 

and H, E. Vast rich 

Obeldtao claata In rhyolltle taphra depoaw* 
praaetva praaruptlon aagMtlc volatile cowm • 
providing a direct aaana for dateralalns 
volatile content of taploelvaly aropted aap«' 
Skill to moderate voluaa PI In inn eruption* 

( 10- 1 to 10 -*k» ) appear to be drlvao »T ®-r 
1.0 wt.X volatile*, conalatlm doaloantiy « 

HjO with minor CO*. Analyila of oboMlea «»» 
eruptive sequences consisting of tepbra . 

flew* Indicates that this hydrone u f* 
ovatllaa magma with only O.X-O.S "*.* "J ® 1 . 

(rhyolitic magma, volatile! , exploitv* 
taphra) 

Oaepbya. Eaa. Lett., Paper 1 L 0931 


Information Related to 
Geologic Time 


917 S Prana nhr Ian 


■599 Volta oology toplea 

Sss®rsBBsaff* 

SaSfS^pSr-- 

■Pltomal grultic P l«ou^ • T* 


PALBCMAOMETIBM OF A EEMEEMAMN 


MI.JlfniUSrtE***' ... 


CLAM LAKE, W1KOMBDI _ ^- .-.1 

N. Keen IDnoartMnb of DaolDSP a® . 


M. Rain (Department of Oaoloey •» “TL, . . 
Eolenoea, University Of Nlsoomela-Mll"*^' • • C,.. 

Milwaukee, Wisconsin 33201) R. Min®" Mfcht ol*; ‘ J 
Two long oorna from a magnatita-* 1 « , 
lnkmalom h»r Clam Lakm, Hl*4«1*l n 


apluwal ..^ ic nutLr , ^L" b ’ ri r' tu ». •*. 

racks SSta&h « 
•■Maim part el tha area uhirf^!*"", 40 * BOreb " 
moacly hyplut ooe. i-T 5-™^* * » B «rlal» 
them. that uedarbU »«*l5 °* th,l F rUBt 

la tha iaiiar. 1 , ^ ,l; ^ voloaalc toefc*. 

«*b largar Wv“ r ! ? ' HWjIsrrt to 

plblooa, A*«Qea*of anlnll! *•***"** « ring 


■ M99 Vmlcaaeleay lnoles 

thg-blriMlUcg rbyoTTic |m! m 

of. «; i Modal WeUiomipS..^, , « 5.r.lws 

~! 9 f l,H , 


Hia oeawraace of the thteiTL*:^ . 






m 


Intrusion near Clam Lake, Nlaoqqaln wrt ;y, 

to obtain pal an pal a positions to *M gtei* 1 ?.? 

mining the time of lncrueion_and i-'*- 

tha teotbnloa of Uia area. iM« ,, 7 . ;■ 

a u epeg tod to'ba lata Preoambrla n » f 1 .. jj.i'-'M'- 
daaagnatliatlon above 130 be. P*®** 

Emmanant dir act lose. 9ti#‘oo«s . 

mpthally oriented, therefore ' m*{J 
ware made for eaoh simple ueing 1* _~7. 
horleontml .orientations. The bepf Pr 
wee considered to be ^ 

oroaeed the Prada^rlaa pole* i , 

gev.-. normal pole at H W « *£*&&& 
'die Kaweanawen in ago. ibe ^ 

pud deoil nation tot 14 of the M. P^" 
wee J5» and IBB* re*peotivelV, 

. act with aeromagnetle m«P* ot .«• ••’ 2 * jell* 

39* lnojlnatlon U edestefceot ««» 
r e w ee o qwen rttoka ot-tho 
been eoyzmoted fpx e ip*-Jfl :*f| 
that > th* asm, Lake area «*• navett^f. 

inttpeloo. Basalt dUea lo th* "* 

' i—ntly lower lhbU 
emawmi'tlqiii, 

Ubi kavaanatoanj 

ttTrtaySWjie.WRifr 




Symposium on Qinghai-Xizang (Tibet) Plateau— 
Beijing (Peking), China 


A, m, CelSI §eng6r 


Department of Geological Sciences 
Sm University of New York at Albany 


Academia Slnlca arranged an historic conference, includ- 
iwfl fiekf excursion, on the Qinghal-Xlzang (Tibet) plateau. 
Htook place May 25th through June 14. 1980. Some 80 
scientists from 18 foreign countries, representing such di- 
verse fields as anthropology, biology, geography, geology, 
geo physics, hlgh-altitude physiology, and meteorology, 

Mre Invited to participate In this multidisciplinary interna- 
lonal meeting— the first of Its kind In the People's Republic 
ol China. They exchanged Information and opinions with 
some 240 Chinese scientists. Although the conference cov- 
ered a wide range of topics, there was a strong predom- 
inance of solid earth sciences (nearly 70% of the papers 
presented), which Is the emphasis of this report. 

The Qinghal-Xlzang (Tibet) plateau Is a unique feature of 
he surface of the earth because of Its very high elevation 
(averaging nearly 5 km above sea level) and Its enormous 
areal extent (about 2.5 million km 8 ). Many of the peculiar 
characteristics of the plateau are a direct consequence of 
10 extensive elevation and Its position In the rain shadow of 
the Himalayan range. Tibet's elevation has long been at- 
Ifbuled to a thick crust that was believed to be a result of 
the collision of the Indian subcontinent with Eurasia [see 
Figure 13 In Argand, 1924]. However, the precise mecha- 
nism for the development of the thick crust and the high 
plateau and Its effects on world climate, the distribution of 
plateau biotas, and human life have been among the most 
hotly debated Issues In the natural sciences. This debate Is 
fueled by the dearth of data on the geology and natural his- 
tory ol Tibet. In addition, Tibet is also the locus of wide- 
spread Neogene-Quaternary volcanlsm and associated 
geothermal activity, as first noted by Gansser [1964]. 

The great scientific and economic value of Tibet Is appre- 
ciated by the Chinese, as evidenced by numerous and di- 
verse Academla-Sinlca-sponsored expeditions to explore 
Tibet since 1951. Between 1973 and 1979 an extensive re- 
search program was launched throughout the Xizang au- 
tonomous region. This program covered the fields of geog- 
raphy, geology, geophysics, biology, and agriculture and 
involved some 1 600 scientists. Foreign scientists participat- 
ing In the Beijing symposium were Impressed by the abun- 
dance and the high quality of the data collected by their 
Chinese colleagues during such expeditions and related 
studies. Our admiration considerably increased after sens- 
^ Ihe delightful effects of high elevation and dry air on the 
mind and body. 
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Symposium 


The symposium began on the morning of May 25th with 
the opening ceremony In the grand meeting hall of the Jing 
XI gueat house, which contained both the symposium 
meeting rooms and all the participants' living quarters — a 
convenient arrangement. During the ceremony the noted 
Quaternary geologist, L(u Tung-sheng, secretary-general of 
the organizing committee, read an Informative summary of 
past Chinese research on the plateau. Following the cere- 
mony, the participants were divided Into 10 sections which 
corresponded with their fields of specialty: geology, geo- 
physics, geochemistry, stratigraphy and palaeontology, zo- 
ology, botany, physiology, geomorphology, geography, and 
meteorology. Every section had an appointed Chinese sec- 
retary and a special Interpreter who was responsible tor si- 
multaneous translations. Before lunch, the sections held a 
meeting each, during which the members Introduced them- 
selves to the entire group. 

The symposium had a number of plenary sessions and 
numerous special sessions. During the first plenary ses- 
sion, on the afternoon of May 25th, Wen Shlxuan and 
Chang Chengfa each read a paper on the stratigraphic and 
tectonic development, respectively, of Ihe Qinghai-Xizang 
(Tibet) plateau. These papers provided an excellent back- 
ground for the rest of the geological discussions during the 
symposium. The Swiss veteran, Augusto Gansser, followed 
these theme-setting contributions with a lucid and highly In- 
formative summary of the orogenlc history ol the entire 
Himalaya. 

Although some of them overlapped, a total of nine ses- 
sions had papers read by scientists from the geology sec- 
tion, and six contributions came from the stratigraphy and 
palaeontology section. The geology papers elaborated on 
the stratigraphic subdivisions of Tibet and their evolution, 
the structure of selected areas (mainly along Ihe southern 
boundary of the plateau, Le., along and near the Yarlung- 
Zangbo suture zone), and metamorphic and magmatic evo- 
lution of the studied regions. Foreign contributions concen- 
trated more on extra-Chinese Himalaya and their surround- 
ings. with few on Tibetan analogs. We learned some 
important details about the tectono-stratlgraphic regions of 
Tibet and surrounding areas, such as the location, nature 
and age of belts of granitic intruslves in these various re- 
gions, general characteristics ol the sedimentary rocks in 
various parts of Tibet, and the timing ol geological events. 

A repeatedly stressed observation was the large-scale 
north-vergent structures along the northern boundary ol the 
Yarlung-Zanbo ophfolitlc suture. These were Interpreted as 
Indicating an original south-dipping subduction zone, or lat- 
er northward overturning, and retrocharriage. 

Ten papers discussed the properties of the Xizang geo- 
thermal province, which extends for 1000-km parallel with 
the trend of the Himalaya and Irregularly for hundreds of 
kilometers Into the Xizang Plateau. It Is by far the largest 
continental geothermal province In the world and Its ther- 
mal and geochemical (including Isotopic) properties are be- 
ginning to be studied closely. An Interesting idea reported 
at ihe symposium was that the saline lakes of northern Xi- 
zang were associated with older, now waning or extinct, 
geothermal areas. Only the Yangbaljing geothermal field 90 
km from Lhasa Is exploited for electricity on an experimen- 
tal basis. This field Is estimated to have a potential of 15.5 
x 10* kW. 

The distribution of fauna and flora of late Palaeozoic age 
and the determination of the northern boundary of Gond- 
wanaland were among the more popular topics in the geol- 
ogy and stratigraphy and palaeontology sessions. The ma- 
jority of the Chinese specialists (particularly U Xlnxue and 
HsQ Jen) preferred to draw the northern boundary of Gond- 
wanaland at the Indus-Yariung-Zangbo suture; others, in- 
cluding many foreign scientists, pointed out the remarkable 
stratigraphic similarities of Palaeozoic successions and ear- 
ly Palaeozoic tectonic events north and south of the suture 
. and suggested that the boundary should be drawn either 
along Ihe Tanggula ophlolltlc zone (Chang Cheng a) or 
perhaps belter still, larther north along ihe Hoh XII Shan 
(KoKohslll Mountains) (A. M. C. Sengfif). The proponent* ol 
the latter Iwo views (also J. M. Dlcklns) pointed out that Ihe 
Gondwana and Cathaysla floral houndaiy may have been 
climatically controlled and that farther weal In southeastern 
Turkey they are known lo be mixed, seriously diminishing 
their value as reliable palaeoblogeographlc tools. 

The evolution of granitic and 
bet seems to provide further support for Chang Chengfa 
and Chen Hsllan's [1973] earlier thesis that the basement 
nnhe nlateau was built by the successive acoretion of con- 
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geomorphoioglcal methods. Most of the plateau appears to 
have been subaerial during and after the Eocene, as evi- 
denced by lacustrine deposits of this age (apparently ]usl 
after the collision along the Indus-Yarlung-Zangbo suture), 
but these surfaces did not go above 1000-m elevation until 
the end of the Pleistocene. In a most interesting account on 
the structural setting of lakes in Tibet, Chen Zhi-ming ar- 
gued that the majority of the present lakes on the plateau 
were located in generally north-soulh-strlking grabens, 
east-west-striking ramp basins, or diagonal 'shear belts/ 

When coupled with recent accounts on the folding ot Neo- 
gene strata on ihe plateau, this picture Indicates that until 
at least very recently active north-south shortening, thicken- 
ing, and synchronous east-west extension of the plateau 
have been going on. 

During the symposium, participants were presented with 
copies of a volume of abstracts (English version for the for- 
eigners, Chinese version for the natives); a scientific guide- 
book lo south Xizang, to Ihe area to be covered by the 
poslsymposlum excursion; and a superb shaded relief map 
of Tibet (scale 1 :3,000,000). On display in conference 
rooms were prepubflcatfon copies of ihe newest geological 
and tectonic maps of Xizang and maps showing the distri- 
bution of metamorphic and igneous rocks and their types. A 
bookstand set up In the first floor of the Jing XI Guest 
House offered for sate not only extra-copies of the ab- 
stracts volume, the guidebook, and the relief map of Tibet, 
but also other books of Interest to the conference partici- 
pants. 

Large amounts ot geophysical data and Interpretations 
were presented by both Chinese and foreign scientists. 

Teng Jl-won end his colleagues from the Changchun Geo- 
logical institute, Institute of Computing and Techniques ol 
the Ministry of Geology of China, and the Institute of Geo- 
physics of the Slate Seismoioglcal Bureau reported a 
north-south seismic refraction profile from Dam-Xung to Ya- 
dong revealing internal continental structure and a Pn ve- 
locity of 8.15 km/s beneath the Moho. North of the Yarlung- 
Zangbo suture the Moho lies at a depth of 80 km but rapid- 
ly shallows to about 45 km to the south o! the Himalaya. A 
low-velocity zone of 5.64 km/s was found within the conti- 
nental crust at a depth ol 40 to 60 km north ot Ihe suture; 
this zone shallowed to about 30 km to the south ol the su- 
ture. 

Gravity work indicates vory large positive Isoslalic anom- 
alies over the higher Himalaya ( * 120 mGal near ML Ever- 
est) that decrease to 0 at the Yorlung-Zangbo suture. The 
Chinese geophysicists (Tang Bo-Xiong and his coworkors) 
interpret this as the Himalaya's not yet being in isostatic 
equilibrium. They point out the possible absence of a 
‘mountain root beneath the Himalaya. 

Aeromagnetic coverage shows the existence ol a promi- 
nent. continuous anomaly over the Yarlung-Zangbo suture 
that is interpreted to be Indicative of a steeply south-dipping 
source. Similar but leas prominent and less continuous 
anomalies characterize the Tanggula ophiolltic bell The 
aeromagnetic signatures on both sides of the Tanggula bell 
seem very similar. 

There were four papers on surface wave dispersion, 
three by foreign authors and one by the Chinese. The Chi- 
nese sludy used only the station at Lhasa and considered 
only paths confined to Tibet. Their study could not resolve 
crustal thickness or upper mantle velocity. The three for- 
eign studies considered longer periods, and all three sug- 
gested a thick crust. Chen and Mofnar tried lo restrict the 
paths to the plateau, whereas Knopoff and Tang used long 
paths and regionalized the velocity distribution, l.e., solving 
(or the velocity structure for each path. Knopoff and Teng 
obtained somewhat lower velocities then did Chen and 
Molnar in the upper mantle. 

Chinese scientists reported palaeomagnetic data from 
Late Jurassic and Cretaceous rocks. Data south ol the su- 
ture of Yarlung-Zangbo showed that these rocks had been 
a part of the Indian subcontinent. The Cretaceous data 
from the north of the suture had considerable scatter and 
indicated little northward motion. 

A total of eight sessions were devoted to geomorpholo- 
gy. They were dominated by glaciologlcal research involv- 
ing the present glaciers of the plateau, past glaciations, 
perlgfacfaf features, and permafrost. Interesting observa- 
tions were reported about the profiles of major rivers con- 
taining major knlckpunkte, which were Interpreted to Indi- 
cate the episodic uplift of the plateau since Ihe Pliocene. 
Disparity in numbers of the Pleistocene glaciations on the 
plateau and on the Himalaya seems to point to differential 
uplift of Ihe two regions. The present trend of the evolution 
of the glaciers on the Qinghai-Xizang (Tibet) plateau indi- 
cates an overall retreat, although some glaciers are ad- 
vancing. Another interesting morphological aspect of the 
plateau is the extent of the permafrost zone on It. Tibet has 
70% of tha total permafrost surface in China and contains a 
remarkable assortment of perlgiactal landforms. 

The symposium's heavy technical schedule was punctu- 
ated by pleasant tourist excursions In and around Beijing: 

. to tha imperial summer palace, to the 'Forbidden City,' to 
the Ming tombs and tha Peking Man site, to Chinese opera 
and other folklorlc performances, to superb lunches at fam- 
ous 'Peking Duck' restaurants, and. finally, to an evening re- 
caption at the Great Hail of the People, hosted by His Ex- 
cellency Senior Vlca-Premler Peng Xiaoping, whose pres- 
ence alone emphasized the significance and historical 
Importance of this unique symposium. 


Field Excursion 


On June 2nd, (hose scientists who were going on the 
lietd trip to southern Tibet flew from Beijing to Cneng-lu. 
Early on the following day the parly left for Lhasa. The 
flight from Cheng-tu lo Lhasa Was a spectacular; one.. Ae 
wa left the Szechwan basin, the topography became. ex- 
tremely rugged, with predominant, what seemed to be red, 
brown, and grey, sandstoha-shale: (?Pei ; mo-Tria8ste Ilysch 
of the Sohgpan-Ghanzl sya(em) and light grey to light - 
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Fig . 1 . Sharp unconformity between the folded Aptian to Cenomanian T akona Formation and the overlying late Cretaceous to Eocene 
Lingzizong Formation. Exposed on the road from Lhasa to Yangbaijin. (Photo: A. M. C. Syengflr) 


brown, probably Permian, limestone lithologies. As one ap- 
proached the plateau proper, extensive erosion surfaces 
gradually replaced the sharp 'Alpine' morphology. These 
surfaces appeared to have been very recently dissected 
and tilted. We noted whal seemed lo be active, probably 
slrtke-slip, fault traces, which, including Ihose ol the Kang- 
ling fault, particularly excited Paul Tapponnler. Here, as 
well as in the Alpine terrain of Songpan-Ghanzi. lithologies 
seemed complexly folded. Farther into the plateau we saw, 
despite the Increasing cloud cover, some truly spectacular 
valley glaciers carrying a very large load ol surface mo- 
raines. Finally, the plane descended into the Yarlung- 
Zangbo valley, where we were treated lo a magnificent pro- 
cession ol active latitudinal dunes that Iccariy disinlegrated 
into small barchans. 

The field party was driven to Lhasa In a sizeable caravan 
lhat consisted of Chinese jeeps and Toyota 20-seat buses. 
We crossed the Yarlung-Zangbo River over the Quxu 
bridge and entered the valley of the Lhasa River. A consid- 
erable portion of the way we passed through a terrain com- 
posed largely ol the intruslves of the Kangdese. magmatic 
arc. the older diorite-granodiorite complexes (Isotopic ages 
79-82 m.y.) to the south of ihe Yarlung-Zangbo River and 
the younger granodlorite-granlle intruslves (30-40 m.y.) to 
the north. In the Lhasa valley Trlasstc-Jurasslc, mela-sedl- 
mentary rock lithologies era intruded by the granites; the 
ages of these supposedly non fossil if eroua rocks are based 
solely on lithologic correlations with lossllllerous rocks far- 
ther north. However, at the Lhasa cement works (to Ihe 
southwest of Ihe city), we were told ol the existence of Late 
Jurassic gastropods. 

In Lhasa, we were quartered in a government guesl 
house. The rest of the first day was spent acclimatizing lo 
Ihe formidable elevation. Many of us suffered from head- 
aches and nausea, and a few from more serious lung prob- 
lems. The second day was also set aside to allow the low- 
landers to get used lo the high elevation and the remark- 
ably dry air, but this lima with the excuse ol visiting the 
Polala palace and Ihe Jokkang, the principal temple ol Ihe 
city. 

On June 5th the field party traveled to the Yangbaijin 
geothermal field, some 90 km northwest ol Lhasa. This 
field lies within a northeasl-slriking graben that Is limited by 
the ?Precambrian basement ol Nyainqenlangla Shan to the 
northwesl and Permo-Carboniferous slates, quartz schists, 
and marbles to ihe Tang Shan, unconformably overlain by 
Eocene volcanics. to the southeast. The graben Useir con- 
tains a fill ol Plto-Pleistocene glacial, lacustrine, and fluvial 
sedi monte. 

Tha geothermal area of Yangbaijin (about 15 km a in 
area) now contains 10 wet steam wells (one of which has a 
curious geyser behavior, with regular eruptions at every 12 
mlnules) and a sulphur mfna along the master fault thai 
separates the basin from tha Nyainqenlangla Shan. In tha 
altered moraines and the brine sinters we saw abundant 
evidence ol very young faulting with rather complex geom- 
etry. This experimental field is planned to supply power to 
Lhasa from the Yangbaijin area in Ihe near future. 

Along the road from Lhasa to Yangbaijin, two volcano- 
sedimentary formations crop out. The older one, called ihe 
Takena Formation, is of Aptian to Cenomanian age and 
consists mainly ol shales, sandstones, and argillaceous 
limestones. This formation is overlain uncomformabfy by 
the predominantly volcanic and voloantelastlc lithologies ol 
Ihe Lingzizong Formation ol late Cretaceous to TEocene 
age {based on rare vertebrate fossils). Although volcanics 
had not been previously reported from Ihe Takena Forma- -. 
Uon, a hornblende-andesite was found along the road Rob- 
erf Shackleion thought it was clearly beneath the uncon- 
formity separating Takena fom Lingzizong. • 

The Yangbaijin geothermal field Is one of a very large • 
number of active hydrothermal regions located fn the Hima- 
layan geothermal belt lhat very faithfully follows the Indus* 
Yarlung-Zangbo suture from about Kashmir to tha eastern 
synfaxis. The existence of this ben Indicates, although , 
there are no active volcanos present, tha presence of mag- - 
ma at no great depth. ' ' . ■ 


Forum 


An Investment in AGU— A Comment 
From a Federal Scientist 


AGO 

gift 


i*wo 


m 


After having sludled Ihe geology near Lhasa, and some 
of the Cretaceous Intruslves near the Quxu bridge, the field 
party departed for Xlgatse, traveling through Qyangze and 
Balnang. To the southwest of Quxu, the Yarlung-Zangbo 
ophlolitlc belt has a discontinuity, and one goes directly 
from the inlrusives of the Kangdese belt to the Trlassic 
elastics of the Tethyan Himalaya. The Trlassic sediments 
are predominantly ol turbldltic origin, contain Ihe bivalve 
Halobla, and are most probably equivalent to the so-called 
Lamayuru 'flysch' of the Zaskar Range Just south of La-, 
dakh. Flysch is certainly a misnomer for these rocks be- 
cause they were possibly deposited along Ihe southern, At- 
lantic-type continental margin of Neo-Tethys, most likely as 
contlnenlal rise aprons, when there was no sign of orogenlc 
deformation. There were some diabase outcrops within the 
Trlassic sediments near the lake complex ol Yamzhog Yum 
Co, and shortly thereafter we also encountered some silicic 
dykes. 

The clastic facies of Triassic seems to have persisted 
into Ihe Jurassic, and we saw this Jurassic ‘flysch’ as well. 
These rocks are all strongly deformed with fold-axes trend- 
ing about 55°-60°. in the Karila Pass (5045 m above sea 
level), apparently organic-rich black shales crop out. They 
were viewed as possible correlatives of the famous Spitl 
Shale (Tlthonian to Valanglnian). in the Karila Pass we 
were also treated to a magnificent view of a hanging glacier 
coming down Mt. Noljlnkangsang and reaching nearly lo 
the road. 

Two parallel, roughly north-south-striklng, normal faults 
bound the massifs on which the Karila Pass is located to 
the west. These normal faults generated much excitement 
as at east one of them showed evidence of recent move- 
ment In a ground break. Some others in the party were 
more excited by Ihe spectacular Cretaceus mdlange, which 
contained massive pelagic limestone, radlolarlte, and 
ophlollte blocks of Ihe same age embedded In a coaval pe- 
itlc matrix. A heated discussion promptly arose between 
tn^e who regarded the whole section as of tectonic origin 
and those who were more sympathetic towards a sedimen- 
ary origin. This lasted until Gansser's aulhorily Intervened 
in the form of a diagram sketched on Ihe dirt of the un- 

01 h,s handsome and ^ 

The spectacular ophlolite exposures of Bainano separate 
the sediments of tha Tethys Himalaya to the south from the 

Grmm 8 rl S ° ,hQ XI S 8tS ? Qroup to ,he north - The Xlgatse 
U H Bltracl9d the palawntolo- 

?o roTlsii? F Sl!L d D pa o y u frQm lhe 8tart - and * unable 
inrrnoH ‘ E ' K au J man ' R ' Schroeder, and D. Harm 

® H 5 1 u^ r0up wllh ,h0,r Chinese colleagues, Yin 
Jlxlang and Wu Haoruo, to devole the entire time we spent 

J.f' 0a i s f e and J h ® 8urr oundlng area to Ihe study of the P XI- 
galse Group. Their results represent one of the most slanlf- 
icant, and somewhat unexpected, accomplishments of the 

sequence to be confined essenllafiyfo 
S ZLln 9 Xlgatze Group turned out to be mainly 

acMedonlc evoluta out*' lt3 ~ '' 

; ^his^phio1HM , BrId e 1hBlr^ d ?' ,, study b, ' 

1 Ibotogles hear BalnaL * 8U rroundlngil- :r,' 

west ol the ^ va . l,0 y Just south- , - . . 

sewed: . : a ? nan 9 ^following section was Ob.- 


In our country, progress In the 
geophysical sciences has been 
closely Interwoven with progress 
of the many geophysical activi- 
ties within the federal govern- 
ment. Substantial numbers of 
geophysicists traditionally have 
found their life's work In the 
ranks of the federal service, 
where they pursue scientific ad 
vancement In their field of work, 

In laboratory research, and in the management of geophys- 
ical science programs. v 

To this large body of scientists the American Geophysi- 
cal Union has always been a helpful and needed scientific 
organization. Access to high-quality journals is undoubted 
the most useful and cherished AGU benefit provided to tfie 
federal employees. Next In Importance may be the many 
many benefits that come by participation In the AGU scien- 
tific meetings. This Is followed by opportunities afforded 
federal scientists to serve In policy and administrative rote 
on the committees and council of the Union. These AGU 
benefits, and many more not enumerated here, can bring 
an abundance of national recognition, Intellectual maturity, 
and self-esteem to federal scientists, thus encouraging us 
to become better scientists and more proficient employees 
Strengthening the AGU by giving it greater financial in- 
tegrity Is of prime Interest to each and every member ol Die 
AGU, Including geophysicists in the federal service. AGU 
works for us. A personal Investment In AGU, during the 
present funding campaign, will assure that the work of the 
AGU continues and that the AGU will be there to work lor 
the federal geophysicists who follow In our ranks. 


Ned A. Ostenso 
Director of Sea Grant Program, SOM 
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■ itsi i, puooiuty a idouh 

tonism. Particularly at the southern end of the 

ConodU SSfitlnn u/o saw nIHar nm ith-verOSht thfUSlS V®** 


sequence. In the Balnang ophlolltes there were $on» 
resembled the hydrothermal brew* 3 - 


the next unit. Along the very steep (nearly vertical to wry 
steeply south-dipping) thrust is a serpentinite sliver, and 
near it country rock on both sides of the thrust seems high- 
ly cateclaslzed. 

2. Uuchu Conglomerate. This red-green terrestrial u'* 
Is said to be Ollgo-Miocene In age, based on fossil teeth 
finds. In one place where we saw its lower contact with ^ 
next unit (the pillow lavas of the ophlolites), it appeared ai 
a thrust. The observation (by Ian Gass and Robert Stap- 
leton) that the pillow lavas were upside-down very near ths 
contact was consistent with the thrust interpretation. 

3. Structurally below the Lluchii Conglomerate is the 
highly dismembered ophlolite together with its eptophlolife 
sediments. The ophiolile here consists of serpentfnlzed 
harzburgites, subordinate gabbros, and pillow lava, where- 
as the associated sediments are radlolarites and red deep- 
sea muds. 

The steeply south-dipping thrust separating the Triassc 
elastics from the conglomerates itself is cut by a much 
more gently south-dipping thrust that seems a very lets 
phenomenon. This rather consistent southerly dip of me 
structures In the suture belt is not confined to the Chmese 
Himalaya but manifests Itself In the central part of the su- 
ture as Gansser reported nearly half a century ago ana 
also seen In the Zaskar Range south of Ladakh. 

The next day we walked along Ihe Qema-Congdu 
i, some 18 km to the southeast of Xlgatse, where 


hum, Bums io xm io me soumeasi oi Aigaiao, 
the major lithologies (from south to north: Trlassic ciasn® 
well-bedded conglomerates, radlolarites, harzburgl«& 0 . 
bros, and finally, volcanics) were all dipping souln. irw 
dlolarlte/harzburgite contact was marked by a 
ophicalclte horizon, possibly a result of synobduction 


Congdu section, we saw older, south-vergent thrush, 
cut and displaced by younger, north-vergent 


indicating an earlier period of southward 
the now dominant north-vergent structures _ 

On our way back to Xlgatse we also found soma 
well-preserved sheeted dykes, thus completing 


rite-breccias that resemoieo me nyuiumoi — r. t 
known from other ophlolite complexes In the worw. 

On the 10th of June we visited the Permian axjj. < 
outcropping near the Cuola pass, which are 
with the Trlassic elastics and complex melange aranj.. 
road. The great importance of these exotic blocKs^j 


: •* - • 






Fig. 3. Detail of the Permian block of the Cuola Pass, showing a neptunlan dyke opened In Ihe nerltlc limestone ol Permian age 
and filled with what Is believed to be Trlassic pelagic limestone. This peculiar relationship is nearly Identical to Ihe situation encoun- 
tered In Ihe Norlan limestones and dolomites of the eastern and the southern Alps and, as It does In the Alps, Indicates later exten- 
sion and subsidence of a nerltlc carbonate platform. (Photo A. M. C. §ang6r) 



"9. 1. View ol Ihe Polala from Ihe rufned fewer of Ihe' Medical School In Lhasa In .the > a " d ,h9 

Trlassic and Jurassic matasediments. In the foreground, Augusta Gansser Is giving scale. (Photo A. M. c. 9 g ) 


^tokh) In the evidence they contain for the Trlassic exten- 
sw associated with the opening of Neo-Tethys. Almost ex- 
as In the case of the early Jurassic Alv or Arzo brec- 
038 from the eastern and the eouthern Alps, here we noted 
■7 development of in situ breccias via extensive Assuring 
JJ* previously extensive nerltlc carbonate platform and the 
'filing of the fissures by younger, deeper-water sediments 
^ ihe stretched and disintegrated platform subsided. In 
wo outcrops, mafic volcanics were seen in stratigraphic 
jjwact with the Permian nerltlc limestones. The fact that 
^0 'Permian exotics' are now found embedded In the 
S* das,ics (^continental rise aprons) further supports 
^0 idea of a Trlassic rifting and the establishment of a pas- 
oontinentai margin on the northern edge ol the Indian 

^“continent. 


' • Wl rail. 

On June 11th we arrived at Tingrl, and after a one-night 
y continued to our final destination In China, Zham. Dur- 
j* me ® 8 fast 3 days of the field excursion, we spent most 
m °JJ r " me studying the Palaeozoic and Mesozoic sedl- 


oiuaymg me raiaeozoic ana wiesozuiu ooui- 
enis and Palaeozoic and Precambrlan metamorphlcs of 
^a relhys and the High Himalaya. The spectacular tour- 


a ana me High Himalaya. Tne speciacuiar 
toppln g ranl * 08 added much color to the last days' outcrop 



-rr'i'iy, 

hi!?? 13th - duri ng the afternoon, a general meeting 
Mrta? n Zham . where Individual specialist groups re- 
through spokesmen, their overall Impressions of the 
Baiih 1 8Um roarlze here briefly the reports of the solid 

scientist groups. 

H* to® 8 ™ 31 * 1 oology. Patrick Le Fort (France) opened 

18 iBmarifo hu ... . » '11 f 


fa rom-J . yvviuyy. ramcK ls ron ymiiL-o; 
of ^ ©^pressing the general feeling of admiration 

o J? 0 iOre1gn scientists for the enormous amounts of work 


- «iyn scientists for the enormous amounts ox wu 
sfiori . d ky { helr Chinese colleague? in a relatively 
p, nl ^ e, He praised the careful stratlgraphjc studies and 
esminr, 2! !?° w fldfdWy and, accurately pur enqplries con- 
ftrouohr^^^Phy had been answered by our hosts ■ . . 
*uralmSi tt,e tri P‘ He underlined the Importance ot;Struc- 
on and wished that more emphasis could be laid 

fhitflSi Wor ^ ,n future studies so 1 as to complement ; 
(Kia 0 2;S raphic Informatlqn. He stressed the role of Igne- y 
Slandiiw2^ a hd: geochemistry as tools for our' under- . . 
how crtiu-i cpJs t a l a nd mantle evolution : and emphasized 
nstica' aSi 9 °°? saophyslpal ,da(S (seismic, gravltyr n» a 9; 
the cu'rriw eyelin 9) were In our, efforts: to paint picture f< 

tafi tonlcs:of the. piateauV;-;-; V ' 


for- 




of Germany) in the name of Ihe physicians, C. Jest 
(France) for geographers and botanists, E. Reiter (USA) for 
meteorologists, and Jack Ives (USA) tor applied geomor- 
phologists. 

The day ended wilh a colorful closing party, where, 
among others, Babay Himalaya’ Gansser gave a very brief 
but animated speech, thanked our hosts, and wished for 
more future collaboration. Toward the end it was clear to all 
that this historic event was closing as a great achievement 
of international science and as a tribute to Its creators. On 
June 14th the majority ol Ihe foreign scientists left for Ne- 
pal. where they were welcomed by the Nepalese Geologi- 
cal Society, which had arranged transport to Khalmandu 
across the Friendship Bridge, while a handful began their 
return journey back to Beijing. 
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2 Stratigraphy and palaeontology. Erie Kauffman 
(USA) pointed out that although palaeontologists represent- 
ed a very small group In the field party, it nevertheless was 
a diverse one, with people having different research expen- 
ences. They essentially ‘went down Ihe stratigraphic col- 
umn ' pooled their data, and regularly discussed ihe! r ob- 
servations. Their greatest gains were from the Mesozoic, 
particularly from the Cretaceous. He gave their study of the 
Xlaatse Group as an example. In the opinion of foreign pa- 
laeontologists what was now needed was a greater number 
of detailed observations. Although the existing Chinese ba- 
sis for stratigraphy was excellent, selected sedtons wlih 
good fossil control and as complete a record as possible 
should be studied In detail for every period, and these 
should become reference sections. Such studies should 
encourage more Integration among specialists. Th ®y 
felt that perhaps more specialists for micropalaeontologlcal 
research were necessary. Finally, Kauffman stressed the 
necessity of addressing specialized problems wllh well-for- 
mulated^ questions in mind andgave the L°1 5.!, 

determination of the northern boundary of Permian Good- 

( US A) concentrat* 

ed^malnty on glacial and associated phenomena. He sald 
that few aladers were actually sesn during the irlp. He em- 
SS herola of satellite Imagery tor gladal studies and 
Erateedta quality of Chinese glacial maps. Great dlssec- 
5™ bv olacW or other kinds ol streams was noted. Future 
ifudtas opinion, try to see why that was so. 

He remarked that terrace studies would be Interesting for 

- ™ 2L we vlalied was found 

• .n^ nn re rarifported loess: Most ol the deposHa prevtous- 
' Spieled to have been lacustrine were probably Jobss, 

Stressed the Importance of loess as a reposUp^ 

0, |nSbXS!'s. Dillon Ripley (USA) oMhe Srrfthso- 
In other Dranwiw, reoorted for zoolo-. 
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News 


Looking Ahead to Voyager 2 


Voyager 2 will whiz past Saturn late next month, giving 
sclerttisls yet another look at (he planet's intricate ring sys- 
tem, its satellites, and the atmosphere. The encounter will 
concentrate on selected targets, though, rather than take a 
sweeping look at the entire Saturnian system, as Voyager 1 
did. Voyager 2 will take higher-resolution photographs of 
live satellites — Enceladas, Telhys, lapetus, Hyperion, and 
Phoebe— than did its sister ship. Higher-resolution pic- 
tures of the rings also are expected. 

Closest approach to the planet will be on August 25 at 
8:25 P.M. PDT (1 1:25 P.M. EDT). Transmission ol signals 
from the spacecraft to earlh will take nearly another hour 
and a half. 

One of Voyager's most Important observations, according 
to NASA spokesmen, will be an occulta! Ion or eclipse of 
Ihe star Delta Scorpii by Saturn's rings. For about 2 hours 
during the late afternoon on August 25, shortly before clos- 
est approach to Saturn. Ihe photopolarfmeter will be aimed 
so lhat Saturn's rings pass between It and Delta Scorpll. As 
the ring material appears to' make Ihe star blink on and off, 
Ihe instrument is expected to count, wllh high precision, the 
number of ringlels. Sizes of tho ring particles wifi be mea- 
sured to on accuracy of % km. The ring section lo be used 
In this experiment will be in Saturn's shadow, so Ihere 
should be mile Interference from scattered sunlight. 

In addition, stereo Images will be taken ol ihe braided F- 
ring to determine if ihe braid Is Iwo- or Ihreo -dimensional, 
according lo Edward C. Slone. Voyager project scientist. 
'We will investigate the structure ol the braiding In the vicin- 
ity of the shepherding satellites and search for any changes 
In Uie braiding whon in Salurn's shadow, as might be ex- 
pected if electrostatic charging is important. ' he said. 

Voyager will approach Solurn from above the ring pfane, 
wilh the sun behind it. Observations of the rings will be en- 
tirely on I ho sunlit side. Voyager will cross the ring plane 
only as ft departs for Uranus. As it crosses the plane, a 
camera will lake a series ol pictures of the B-ring to deter- 
mine If any materia! is elevated above the main ring struc- 
ture. One theory postulates lhat small particles elevated 
abovo Ihe ring plane may account lor the appearance of 
'spokes’ seen in the ring as it rotates out of Salurn's shad- 
ow. 

Other highlights of Voyager 2's encounter with Saturn in- 
clude better- resolution maps of Saturn, deeper radio pene- 
tration of Saturn’s atmosphere, better Information on Sat- 
urn's aurorae, and closer examination ol eccenlric ringlels 
In ihe C-ring.— BTfl $ 


Geophysics Publications Honored 


Geophysics and geology publications by the U.S. Geo- 
logical Survey were awarded one first- and two third-place 
prizes at the Blue Pencil' ceremony last month, sponsored 
by Ihe National Association of Government Communica- 
tors. 

First place In the news release category went to Frank 
Forrester, an AGU member end recently retired USGS In- 
formation officer. Editors and artists ol the bimonthly USGS 
Earthquake Information Bulletin were awarded third place 
In the category lor technical magazines using at least two 
colors. AGU member Henry Spall is Ihe editor of that publi- 
cation. Also receiving a third-place award was David De- 
laney, for graphic design of a groundwater hydrology map / 
report ol Martha's Vineyard, Mass. $ 


Fund Honors Jule Q. Charney 


The Department of Meteorology and Physical Oceanog- 
raphy at Ihe Massachusetts Institute of Technology has es- 
tablished a fund in honor ol the late Jule G. Chamey Char- 
ney died In Boston last month (Eos, July 7). Income Irom 
the fund will be awarded to meritorious students lor gradu- 
ate study in Ihe department. The awards will be known as 
me Jule G. Chamey Awards. 

Anyone wishing to contribute to the fund may send a 
check, made out to toe Jule G. Chamey Fund, to the De- 
partment of Meteorology and Physical Oceanography MIT 
Room 54-1712. Cambridge, MA 02139. All gifts will be tax' 
deductible. # 


Geophysical Events 


This Is a summary of SEAN Bulletin, £{6). June 30. 1981, a pub- 
lication ol the Smithsonian Institution. The complete bulletin Is 
available tn the microfiche edition of Eos. as a microfiche supple- 
IT 00 !' or ?„ pap€,r reprint. For the microfiche, order document num- 
ber E8I-004 at SI .00 from AGU. 2000 Florida Avenue, N.W., 
Washington. D.C. 20009. For reprints ordor Sean Bulletin (give 
dates and volume numbed through AGU Separates: $3.50 for the 
Ural copy for those who do not have a deposit account; $2 for 
those who do; additional copies are $ 1 .00. Ordors must be pre- 


Volcanic Events 


Mt. St. Helens (Washington): Lava extrusion adds 5 th 
lobe lo crater dome. 

Kllauea (Hawaii): Small shallow Intrusion under BE cart 
of caklara. 

• Bezymianny (Kamchatka): Large tephra cfoud and lava 
flow. 

^ (Mariana Islands): Renewed explosions on June 

• Aso (Jajpan): 30<mlnute ash and Mock ejection, r 
Sakurazlma (Japan): Fewer explosions. 

Bufusan (Philippines):; Earthquake swarm. 

a z mLii!.^u ■ i. :• ■ ■ ■ 


• Lang! la (New Britain): Increased ash emissions, glow, 
lava fragments. 

Manam (Bismarck Sea): Ash emission continues; rum- 
blings. 


Bezymianny Volcano, Kamchatka Peninsula, USSR 
(55.97°N, 160.59°E). In a report dated June 1 6, toe Sovi- 
et news agency Tass said lhat Bezymianny had erupted, 
ejecting an 8-km-hlgh ash column and extruding a lava flow 
400 m wide. National Earth Satellite Service personnel in- 
spected early- and mid-June Imagery, returned every 3 
hours from the Japanese geostationary weather satellite, 
but did not find a large eruption column. Weather is often 
cloudy over Ihe Kamchatka Peninsula, however, and could 
have masked evidence of an eruption. 

Information contacts: Earl Hooper, NOAA/Natlonal Earth 
Satellite Service, Synoptic Analysis Branch, S/OP33, Camp 
Springs, Maryland 20233 USA; Tass, Sovlel News Agency. 

Aso Volcano, Kyushu, Japan (32.90 9 N, 131.10°E). All 
//mss are local (GMT + 9 h). Ash and block ejection from 
Crater 1 in Nakadake was observed from 1230 to 1300 on 
June 15, after 9 months of quiescence. Blocks rose to 30 
m but fell within toe 100-m diameter crater. One-micron 
ground shocks were recorded at 1239 and 1244, and a 3.7- 
micron shock at 1251 . Activity then subsided. The explo- 
sions caused no damage. The area within 1 km of the sum- 
mit, closed Immediately after activity began, was reopened 
June 17. The last prior eruptive activity was a brief ash 
ejection on September 24, 1980 (see SEAN Bulletin, 5 (9)). 

Asosan Wealher Station personnel observed that the 
greenish water, pooled In Crater 1 since October, became 
gray tinted. The water rose Intermittently. 

Nakadake Is Ihe historically active part of the Aso volcan- 
ic complex. Crater 1, the northernmost of seven in Naka- 
dake, has been Ihe source of Aso’s recent eruptions. 

Information contact: Selsmologfcal Division, Japan Mete- 
orological Agency, 1-3-4 Otemachi, Chlyoda-ku, Tokyo 100, 
Japan. 


Langlla Volcano, New Britain Island, Papua New Guinea 
(5.53 °, 148.42 9 E). The following Is from the acting senior 
volcanologist: 


A further Intensification of activity took place in June. 
Moderate to strong white and brown emissions irom 
Crater 2 were commonly seen. Ash falls were reported 
on several days irom locations about 10 km from the 
volcano. Rumbling and/or explosive sounds were 
heard on most days. Crater glow or ejections of incan- 
descent lava fragments from Crater 2 were seen on 5 
days in (he second half of the month. Crater 3 was 
less active, commonly releasing white or blue vapours, 
but weak grey emissions were occasionally seen. 

Seismic activity strengthened considerably. Large- 
amplitude, multiple explosion type earthquakes and 
prolonged periods of tremor clearly represented tephra 
explosions and bouts of gas venting at Crater 2. 


Information contact: Acting Senior Government Volcanol- 
ogist. Rabaul Volcano Obsarvatory, P.O. Box 386, Rabaul 
Papua New Guinea. 


Earthquakes 


Date 

Time, 

GMT 

Magnitude 

Region 

June 11 
June 13 
June 16 
June 22 

0724 

0729 

2134 

1763 

6.9 M, 
5.4 m b 
5.3 M l 
5.0 M a 

SE Iran 
W China 
SE Auslraiia 
Central Peru 

Latitude 


Longitude 

Depth of 
Focus 

29.98‘N 
36.22°N 
34.84 “S 
13.37°S 


57.72°E 

76.70*’E 

144.30’E 

74.70^ 

shallow 
79 km 
shallow 
shallow 


at Lr rSHiJ 1 aarthc l uaka ln Iran’s Kerman Providence left 
a least 3000 persons dead, thousands more hurt and vir- 

Tf^Bfon 3 ^ 9 ^ 6 vil,a9 ® of Qolbaft . about 850 km SE of 

June 13 2TJ5S an S W0re ln « ured in NE Afghanf— 
PrUSrli Barth 3 uake was centered in SW SlnWana 

Sm^lS ^ Mel- 


p"r A 'ri was centered in SW SlnWana 

No°srvu“ 

New York Times; United Press hE? Fra . n< ?- Pr ®sse; 
Press. re3S International; Associated 

Meteorlt/c Events 


OMeteorite Fall: Oregon Mbv u m m 
tSSm**. 0C “ n (3) ' * U8,ra Ha. Austria, Spain, 


ciflc Northwest Laboratory for analysis. The threa i flM 
pieces fit together to form most of a roughlv otmiriX 
with a somewhat bubbly fusion crust that ranoedfrn 
about 1 mm thick on one side to about 3 mm thick™*, 
opposite side. From hand-specimen evaluation in 
that % to % of the meteorite had been recovered 
it had not fragmented before impact. Hand-spedm*? ^ 
spectlon also indicated that the meteorite Is an orZn 
brecclated chondrlte of either the H or L type ^ 
Information contacts: James P. Price, 4652 Sami™, c 
NE, Salem, Oregon 97305 USA; J. C. Evans and j p 
Laul, Battelle Pacific Northwest Laboratory, p o 
Richland, Washington 99352 USA. ™ 


• = Entire article reproduced 
q = Part of article reproduced 


Geophysicists 


Elected as members of the National Academy ol Sd- 
ericas at the 1 18th annual meeting are John C. Crowtf 
professor of geology at the University of California at Santa 
Barbara; Donald M. Hunten, professor of planetary sd- 
ences, University of Arizona; Champ B. Tanner, professor 
in the soil science department at the University of Wiscon- 
sin at Madison; and Hugh P. Taylor, Jr., professor in ihs 
department of physics and astronomy at the University d 
Massachusetts at Amherst. 


Thomas M. Donahue was awarded the Henryk ArctowsSd 
Medal by the National Academy of Sciences at Its llBth 
annual meeting. Donahue was honored for his 'outstanding 
contributions to the study of solar activity changes ot short 
or long duration and their effects upon the Ionosphere and 
terrestrial atmosphere.’ Donahue received AGU's Fleming 
Medal at the Spring Meeting In May. 




N 



Klsslinger 


Carl Klsslinger was elected a corresponding member o' 
the mathematical-natural science division of the Austrian 
Academy of Science. Professor of geological sciences and 
a fellow of the Cooperative Institute for Research In Envi- 
ronmental Studies at the University of Colorado In BouWf, 
Klsslinger is AGU's foreign secretary and an officer ol the 
International Union of Geodesy and Geophysics. 



LachapeBe 


Qdrard Lachapelle, Eos associate editor tor flWW 
has been elected vice president of the Canadian I*-. 
Surveying. He Is currently head of the Geodetic 
and Development Section st Sheltech Canada h 
Alberta. (Photo credit: Shell Canada Resources LW.) 


Alan M. Lovelace left NASA earlier this monB^jf 
corporate vice president of science and engining® 


wwi H ur<aiH viue preBiaeni or science emu oi iyn - ^ 
General Dynamics Corp. In St. Louis, Mo. He had 
as NASA’s deputy administrator In December, 


aepury aammistraior in uecemuw, 
on at NASA through the first flight of toe space srum 
became acting administrator In January. 



Paplke 


James J. Paplke has accepted a profeu r - 
partmentof Geology arid Geological Ertgitte^ng- , 

• ..Dakota Sdhool of Mines and TechnotogYrRaP!? Sj 


Meteorite Fall 



■ it ri r " iinui in. ■ 

Mayon (Philippines): MikWows frqh) tyRhoon rains. : 
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New Publications 


The Earth’s Variable Rotation: 
Geophysical Causes and 
Consequences 

knri Lambsck, Cambridge University Press, Cambridge, 
England, xl + 449 pp.,1980, $92.50 

Reviewed by Michael A. Chlnnery 


Seldom, these days, doss one come across an elegant 
treatise of toe kind that was common 50 years ago, dis- 
maying an erudite style, a comprehensive understanding of 
a wide range of disciplines, and a feeling that almost every 
page contains the germ of a new research project or Ph.D. 
toss. The field of the earth's rotation now has two such 
treatises. The first was by Munk and MacDonald [The Ro- 
tation of the Earth, Cambridge University Press, 1960), a 
work that has been universally accepted as a classic. The 
second Is Kurt Lambeck's new book, which In my view Is 
destined for similar praise. 

The field of toe earth's rotation is one that has fascinated 
many of us, partly for the richness and complexity of the 
problems that It poses, and partly (be truthful now!) be- 
cause In these mission-oriented days It Is one of the few 
cfisdplines (hat appears to have absolutely no application to 
any Important societal problem. Munk and MacDonald pro- 
duced a quite remarkable review of the field, ranging from 
Us forced and free motions of the earth, through descrip- 
tions of the gross deformation of the earth and tidal dissipa- 
tion, lo variations In the rate of rotation of the earth. Their 
discussion was firmly based on classical mechanics and 
Mated the basic problems in the field In a satlsfylngly 
rigorous way. However, they were able to say comparative- 
ly little about the solutions to these problems because of 
lie small amount of data available at that time. 

The field has changed a great deal since I960, largely 
as 8 result of the rapid growth of geophysics as a whole 
and geophysical Instrumentation In particular. We now un- 
derstand Ihe Internal structure and composition ol the earth 
more clearly, the excitation functions due to earthquakes 
and atmospheric effects can be evaluated using vastly 
more data, plate tectonics has appeared on the scene, and 
precise measurements of the rate of rotation of the earth 
now form a time series over 25 years long. Perhaps even 
more Importantly, we have begun to explore the connec- 
ts between the various subfields of geophysics. Earth- 
quakes, deformations of the crust and mantle of the earth, 
continental drift, gravitational forces, motions in the earth's 
core associated with the magnetic field, and motions In the 


atmosphere and oceans all Interact with each other and all 
contribute In some way to the rotational dynamics of the 
earth. 

Lambeck traces these complex connections with a mas- 
terful hand. After a review of the physical properties of Ihe 
earth, he formulates the dynamics of the rotating earth and 
the computation of the various types of excitation functions. 
He then reviews toe nature and extent of data for both 
length-of-day and polar motion, as a basis tor exploring the 
processes that they represent. The effects ol tidal forces, 
and seasonal variations due to the atmosphere and 
oceans, are each described in detail. The Chandler wobble, 
and its excitation and dissipation, receives a thorough re- 
view, as do the decade fluctuations In the length of day. 
Tidal dissipation Is discussed at length, and the book ends 
with a survey of 'paleorotatlon,' Including both long-term 
changes In the length of day and polar wandering. 

In many of the areas covered by this book, Lambeck and 
his coworkers have made major contributions. I was partic- 
ularly impressed by the discussion ol seasonal variations 
due to meteorological effects such as toe zonal winds and 
the chapter on tidal dissipation. The whole book, however, 

Is well referenced, and a lengthy bibliography is supplied. 

I recommend tills book without reservation lor anyone in- 
volved In planetary astronomy, the energetics of Ihe earth 
and Its internal dissipation processes, and the measure- 
ment and Interpretation ol Ihe earth's rotation. It will make 
an excellent resource book tor many graduate level 
courses In geophysics and will be particularly valuable as 
an aid for graduate students engaged In research In geo- 
physics and astronomy. 

My main criticism of this book is with regard to its price. 
The volume is excellently produced and printed, but a price 
of $92.50 (even given some discounts which may be avail- 
able) will probably limit Its purchase to libraries and the oc- 
casional rich geophysicist (there must be some some- 
where). This is a pity. I feel the publishers have underesti- 
mated the potential sales of this book II the price were 
more moderate. 


Sea Level, Ice, 
and Climatic Change 


Proceedings of the 
Canberra Symposium 
December 1 979 


33 papers of International Significance 


• Ice and Snow as Elements ln tha 
Weather and Climate System and as 
Indicators of Change 

The record of climate change In glaciers 

The climatic role and environmental effects of snow 

Sea Ice as a climatic element 

Evidence of the past climatic change from large ice 

sheets 


• Features and Interactions of Sea 
Level, Ice, and Climate In the 
Quarternary 

The global record of Ihe late Quaternary changes 
ol sea level, Ice, and climate 
Processes of interaction between sea level, ice 
sheet, and climate 

Sea level. Ice, and climatic change: Invited 
summary reviews 


lAHSPubl. 131 Ovor 47 Ip. $50.00 U.S. 


Order Irom: 


Office ol Treasurer, IAH8 
2000 Florida Avenue, N.W. 
Washington, D.C. 20009 


Catalog available on request 


Michael A. Chinnery is with the Applied Seismology 
Group, Cambridge, Massachusetts 


New Listings 


Items listed in New Publications can be ordered dirocily from the 
publisher; they are not available through AGU. 

Underwater Acoustics and Signal Processing. L. Bjorno. D. 
Reidel, Hlngham. Mass., xvi + 736 pp., 1981. S87.00. 


Water and Energy in Colorado's Future: The Impacts ol En- 
ergy Development on Water Use in 1985 and 2000. Col- 
orado Energy Research Institute. Westbrook Press. Boul- 
der. Colo., xiii ■ 303 pp . 1981. $26 25. 

Water in Desert Ecosystems. O. D Evans and J L 
Thames (Eds), Academic. New York, xiv - 280 pp . 
1981. $35.00. 

Wege Aus Der Entsorgungsfniie. SES Rep 12. V. M. Baser 
and W. Wildt (Eds.). Schweizerische Energie Stiftung 
Zurich. 258 pp., 1981, 20.-- Swiss francs. 


Classified 


Mo otters classified space lor Positions 
.'"M 0, Positions Wanted, and Services, 

Courses, and Announcements. There 
discounts or commissions on classified 
? , tVP® that is not publisher's choice is 

tor at display ratea EOS Is published 
0n Tuesday. Ads must be received In 
_ " 80 n Monday 1 week prior to the date of the 
^required. 

/JWw to ads with box numbers should be 

Box American Geophysical 

0^ 20009 Fl ° rida Av0nue - N.W., Washington, 


JJSfTtONS WANTED 
per line 

tlmee-$0.75, 

‘*28 times-$o.55 

Positions available 

gw per line 

times— $ 1 .60, 

l *26tlmes-$i.4o 


^WCES SURPUES, COURSES, 

& N0EMENTS 

“nnes-SI.95, 


Postdoctoral Positions. Scrlpps Institution ol 
Oceanography Invites applications for three to five 
postdoctoral positions distributed among the follow- 
ing fields: 

1. Inshore proceesas/coastal engineering. 

2. Marine pollution and the assimilative capac- 
ity of tha ocean tor social wastes utilizing 
resonance ionization spectroscopic analyti- 
cal methods. 

3. Climate research, including long-range 
wealher forecasting and impacts ol In- 
creased atmospheric carbon dioxide. 

Private foundation tending limits awards to U.S. 
citizens. Appointments are for one or two years. 
Applicant should have a background in approve 
physical sciences lor work in one ol Ihese IMda at 
(he Ph.D. level, or equivalent. Appointments In the 
University of California system will be at the level ol 
Postgraduate Research or Assistant Research, sal- 
ary Irom $17,112-28.400. commensurate wjiquak 
fftoattone. Submit resume (specify poaflon/lteld) In- 
cluding names ol references, before Sept. iS, >88i 
to: JJD. Fraulschy, Deputy Olredo^-OIO. Saipps 

Institution of Oceanograph^nlwraity ol Mifornla 

San Diego, la Jofla, CA 82003- Request position 
profiles at the same address. Wot(lmialh< _ „ 
SIO/UGSD is an equal opportunHy/aWimauve ac- 
tion employer. 


& op . tortun ' tie s 
aoo^Hg 88 ' query Robi[vUttl0 - 


P ° S| TlONS available 

•aaas? 1,1 i Qround w«*« 

l ^hVniS , 1 T ,na Walw »~ouree. Re- 

tyerience 8alary: Comrriensurate with 

rw .. . • 


the 





--■ekiomen* will be responsible 

^ for reaeHrcfl Information and tech- 
underway and to Initiate 

^ «JiSuS r , reB ? Urce8 re8Barch ^ '• 

^ hydrology. The hydrolo- 
towarcha!) P^P 08 ^ 8 and carry out 

CQfBA l/vit-i. . . proposed 8AH Will aifanti lallir ka. 


Visiting Scientist PotMen/Th# Joint Inetl* 
tuta lor the Study d the Atmosphere end 
Ooewii University of WaohlnBton. Visiting 
scientists with background In atmospheric sciences 
or physical oceanography and Interests In dyiternk 
cal and/or geochemical aspects of eHm&le variabili- 
ty. Term of appointment: one (1) year, renewable 
for a second year subject to Ihe approval of foe 
Council, dosing date: September 15, 1981. send 
curriculum vitae and a brie! research prospectus to 
Director, JISAO, do Department ^ Almwpherte 
Sciences, AK-40. University of Washington, Seattle. 
WA 88185. 

An equal opportunlty/affirmalfve action employer. 


Faculty Position 
Economic Geology 


The Department of Geology, University of Georgia, has a tenure track 
opening In economic geology. Rank and compensation are open through the 
associate professor level. 


Duties Include (1) teaching courses In exploration geochemistry (2) super- 
vising M.S. and Ph.D. candidates, and (3) developing a strong research 
program wilh significant field commitment. 


Teaching and research Interests in one or more additional fields such as ore 
deposit mineralogy, reflected light microscopy, theoretical geochemistry ol 
ore deposlls, fluid Inclusion research, hydrogeochemistry, or environmental 
geochemistry are desirable. 


An applicant should submit a detailed curriculum vitae and have at least 
three letters of recommendation sent lo tha Acting Head. Department of 
Geology, University of Georgia, Athens, Georgia 30602. 


The deadline for receipt of applications is November 1. 

Ttw Unlvtralty of Qiorgla Is an squat amptoymsnt opportunlty/alHrmstlvs aotkm Institution. 




— 

*?"• fooWi iif wl11 actually be- 
Me i *aiw mJSS** lfi» academia gradu- 


*W r «^ lntoaohln 9 in to 
*ftflcan^^ CUrr,cul,jr n i • 
or*, r. " IP® Position must have a Ph.D, de- 
tree and *au»«i yeara ol expe- 


V* or an m ? J® Position must h&v 


UnNarallyof KwalWuMl^^ww* ■ Jt» 

Department of Geology end Q“physte thj 
Hawel Institute of Geophysics baveopen^s tor . 
the 1981-1982 acactemtoy^ v Ra^^“^ 
pendent on qualifications. We are W** 
wte will participate In our teaching and 



£**>» or a IIW , • 
®', Qeo 'ooy. with special-. 
J* bivalent professional expert- / 


engineering geology; (3) marine seismology, mag- 
Wrtrf nrauku. To aootv send 


* *3!! Bctojl emjtoju l8 '* n ' ^ualoppbrt'uril- 


engineenng geoiogy, w M 

rietlca, sind.gravfty. Toapply 

est, a current vita and 3 1 ' 

S. O. ScNanger. Chaintianr 

and .Geophysics, . Hm«Bji2S26 Corrta 

Road. Honolulu,. Hawaii 98822 . 

D/, C. E. Helstey, Director, rJJ 

nhvatos. Bame address (808-948-8760). Open pW 


Acoustical Physicist. Phyatoa and Chamtetry 
Department of Naval PoatgraAiate School (NPS). 
tn Monterey. California, seeks applicants lor tenure- 
track position at assistant of associate professor 
level, physicist who has experience and interest in 
leaching and research in area of acoustics. Primary 
mission of NPS to advanced education of Naval Of- 
ficers. Department offers M.S. end Ph 0. degrees 
In Physios and Engfiteering Afcousilcs wilh major 
emphasis on Master's degree program. Moat 
acoustics teaching fo at senior and graduate level 
with concentration tn underwater acoustic* Candi- 
date must have Ph D., be elective teacher and be 
Interested in and capable of engaging in research. 
Current acoustics research areas: ocean acoustics 
jnctaing propagation, ambient noise, scattering 
and dBfractfon; propagation in tapered Wave -guides: 
acoustic Imaging: signal processing and non-linear 
acoustics. Sand resume and references to Prof. 
h a wnsbnl Department of Physics end Chemis- 
try. Naval Postgraduate School. Monterey. CA 
93940] , " ■ • . 

employer, 


MlHfch Associate. Two year appointment. 
SUw trite programmer to.devoiop a computer pro- 
gram for simulating water and pblkitant movement 
thru small catchments, using and modifying subrou- 
tine and algorithms developed for this purpose by 
research scientists. Test and evaluate the program, 
and develop eMcteni data handling procedures Re- 
tina and evaluate subsections of program In the 
process of Its daveiopmenl. B.S. degree In comput- 
er science, mathematics, or a physical science with 
extensive mathematical and computer applications 
training. Fortran language programming, experi- 
ence web the'CDC NOS system. Experience In «*• 
entitle programming required, and understanding of , 
hydrology desired. Salary to negotiable. AppUceifort ■' ' 
deadline August 14, 1981. position available Sep- 
tember 1 , 1061 . Sand letter ol application, resume, 
Ibl ol references to: Dr. R. E. Smith. HydreuSq En- - 
gtneer, U8DA-SEA. Department ol CM! Engineer- . 
tog, Engineering Research Center. Colorado Stale . 1 
University. Fort Collins. CO 80523. . ' . 

C8U is EEO'AA employer. 

E. O. Office: 314 Student Ser. Bldg. 


■i.r 
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Polar OeaanographanSea loo Dynamlolst. A 

position is ova liable unctor the Intergovernmental 
Personnel Act ol 1970 for persona now employed 
in State local government or in collages and unwar- 
sifres This position Is Tocatod within the Oceanic 
Processes Branch of Iho Environmental Obaorva- 
tion Division o| the Oflrce of Space and Torrostrlal 
Applications, NASA Hoadqunrtora. Thu position is 
for one ynar. with iho possibility for renown! for an 
additional year. Pay will bo m a lovei commensu- 
rate with experience, and will bo established alter a 
review of qualifications 

Candidate 5 must novo been employed by the 
university In a permanent position for el loo si go 
days or be a career employee ol e State or local 
government Candidates must also meet the Feder- 
al qualification standards for the position These 
are as tallows: a degree in an appropriate field of 
acience, plus throe years ol progressively responsi- 
ble evpenonce In <fud09 rotated to the position. 

This Individual win be responsible for planning, 
developing, and implementing a scientific research 
program in satellite remote son sing of oceanic pro- 
cesses In polar regions A background in polar 
oceanography, sea lea dynamics, or a close ly-reiai- 
od field is requirod; experience in remote sensing, 
although desirable, is not essential. A Ph.D. or 
equivalent training and experience is mandatory. 

Interested parties should sond a current resume 
to NASA Headquarters Attn: Mrs. Catharine 
Zogowiu. Coda EPM-3, Washington, D C. 20546 

Selection far this position will be made from oth- 
erwise eligible candidates without discnmlnation for 
any noomont reason such ns race, color, religion, 
sox. national origin, politics, marital stales, physical 
handicap, age. membership or nonmembership in 
an emptayaa organization, or personal favoritism 


I lee Iron Mteroprobe Technical Bpoo Fallal 
University of Colorado. Tho department of 
fwdtag cal Science. Univo/eriy ol Colorado. Boul- 
der. soaks a person who will assume responsibility 
tor the department s sieclron micrapiobo Inborn- 
toy. Durlos will include day-to-day operation of otir 
MAC 'WO mlcroprobo oquippod with a KEVEX EDS 
sysrem, instruction ol now operators, maintenance 
of the mlcroprobo as wall as other X-ray equipment 
wrfhtn ihe Department, mlcroprobo software and 
hardwaro development, and participation in re- 
search projects involving siiicaie. sulfide and oxide 
mineralogy The job requires cither a dogma in 
electronic or otoclnc.il engineering, or two years ol 
technical experience utilizing utoclrontc instrumen- 
tation msocraled with an electron column instru- 
ment An individual w-th an M S degree m Geology 
mid microprobo experience wifi be considered high- 
ly des'rabto Salary ranges from $20,000-125.000 
depending on experience F'fease send, by August 
15. loner of application and resume to Groce Bad- 
ger. Personnel Department. University ot Colorado. 

1 51 1 University Avanue. Boulder. CO 80309. 

The University ol Colorado is an equal opportuni- 
ty Aflumalive action employer 


Head, Depart men I ot Oceanography A 
Ocean Engineering. The Florida Institute of 
Technology seeks an Individual to head a multidis- 
ciplinary department or scientists and engineers. 
Position la commence as early as September 
1 981 Candidates must possess a Ph D. degree 
and have demonstrated meritorious scientific work 
in oceanography or ocean engineering with interest 
end experience Fn teaching, research, and adminis- 
tration Tho Departmenl hns graduate and under- 
graduate Interdisciplinary programs In biological, 
chemical, geological and physical oceanography, 
and ocean engineering. Curricula for the Ph D. are 
available in physical, chemical, end biological 
oceanography. The department is part of a fast ris- 
ing university In a community an the east coast 
thriving with technical Industries. Benefits include 
free tuition for family members. SBiid resume and 
names of references to: Chairman of Search Com- 
mittee. Department of Oceanography 8 Ocean En- 
gineering, Florida Institute of Technology. Mel- 
bourne, FL 32901. 

Florida Institute ol Technology is an equal oppor- 
tunity employer. 

Position Opan/Reif duals Management 
Technology, Ino, M S. In Water Resources 
Management, wilh experience in ground water 
modeling and knowledge of ground wafer and soli 
sampling and measuring devices. Provide consult- 
ing service on geology and ground WBter as they 
relate to solid and hazardous waste disposal. Con- 
duct research on ground water pollution and plan 
and conduct held Investigations ot disposal sites In- 
cluding barings and wells. Sample and monitor 
soils and water and interpret dais. Prepare disposal 
site seioction studios and environmental reports. 
Direct the office and Held project work ol techni- 
cians end Interlace with engineers on facility de- 
sign. Provide liaison with clients and regulatory 
agon d os. Dovolop familiarity with engineering de- 
sign concepts lor rand disposal. Full-time, 40-hour 
week Salary S130Q monlh plus eligibility tor bonus 
and profit-sharing plan Submit application to: Salh 
Monon. Job Service Wisconsin. 106 N. Broom 
Street, Madison. Wl 53703. (608) 266-2341. This 
ad not paid for by Job Service Funds 


p09l,icn available Immediately at the 
Ctose,val0 'Y- T ho successful appli 
rani wm be appointed as Head ol the Atmosphere 
Sciences Group and will be expected to lead fhal 
group and to perform Independent research using 

“«■ A Ph -D- dagrae m atmospha 
c er Physical sciences or radar engineering and a 
record ot solid research accomplishments am re- 
quired Experience w«h radar studios of Ihe strata- 
fipnore. mesosphere, and Ionosphere or with HF 
modifications ol iho Ionosphere Is desirable Satan 
open. Please send resume and names of at toast ' 
tarae references to Dr. Harold D. Craft, Jr.. Acting 
Director, NAIC Observatory, Space Sciences Build 
ing. Cornell University. Ithaca, New York 14B53. 

NAIC Cornell University are EOE'AAE. 


■ National Research Conseil national 
I t Council Canada de re cherches Canada 

RESEARCH OFFICER 

The Canada Centre for Space Science of Ihe National Research Council of Canada re- 
quires a Research Officer. As a Space Scientist In the Scientific Planning and Evalua- 
tion Group, the duties will Include: 

— Assisting in the evaluation and processing of proposals received by Ihe CCSS 
for the rocket and balloon program, the satellite program and supporting ground- 
based experiments. 

— ParticfpaUn g In the planning of scientific campaigns forming part of the above 
programs and in scientific working groups associated with the experiments. 

—Perform studies pertaining to monitoring and evaluating the lunctloning of the 
above programs as and when required. 

— Participating In CCSS national and international committees and working groups 
as required. 

—Participating as an Investigator (experimental or theoretical) In CCSS associated 
scientific programs. 

—Performing other associated duties as required. 

Preference will be given to candidates having a Ph.D, in Physics with several 
years' experience In space science or equivalent research experience In space 
science. 

Salary— Up to $30,430 par annum depending on qualifications. 

Apply in writing to the Employment Officer, National Research Council 
of Canada. Ottawa, Ontario. K1A 0R6. In reply, please quote 
CCSS-81-2-. 
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lor illustrated list of antique surveying Inatromer 
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SERVICES 

Coal Deposits. II you are financing, planning, 
exploring, drilling, or digging In connection with any 
term of energy, you need this complete, up-to-date 
book about the world's coal deposits. Includes pro- 
duction and reserves for mines Hardcover, 8 • 9 
Inches. 690 pages. Table ol contenta, drawings, in- 
dex, references, 1980. Si 56. Tatsch Associates. 
Thunder Road, Sudbury. MA 01778, USA. 


Meetings 


international Mara Colloquium 

The Third International Mara Colloquium, hosted by the 
w Propulsion Laboratory and the California Institute of 
Technology, will be held August 31 through September 2 at 
tfwCallech campus. 

The colloquium will cover the Information collected for 
more lhan 4 years at Mars and will allow scientists to com- 
oare their research. Cosponsors of the colloquium are 
NASA, Ihe Lunar and Planetary Institute, and the Division 
of Planetary Sciences of the American Astronomical Socie- 
ty 

The first Mars colloquium was held in 1973, after the 
Mazier 9 mission to orbit Mars in 1971 and 1972. The sec- 
wiwas held fn 1979, after Viking had operated for about 3 
years on Mars. 

For Information on the scientific content of the colloqui- 
um, contact Conway Snyder, Jet Propulsion Laboratory, 

4000 Oak Grove Drive, Mall Stop 230-11 1C, Pasadena, CA 
9ltQ9 (telephone: 21 3-354-7976). ® 

Working Conference on Current 
Measurement 

The Current Measurement Technology Committee ol the 
Council on Oceanic Engineering, the Institute of Electrical 
and Electronics Engineers (IEEE), will sponsor the Second 
Working Conference on Current Measurement on January 
19-21, 1982, at the Hilton Head Inn & Sea Pines Planta- 
in at Hlllon Head Island in South Carolina. The confer- 
ence is the follow-up to the 1978 Delaware Conference on 
Current Measurement. 

The Iheme will be ‘Quality of Measurements— How Can I 
Collect Data of Sufficient Certainty to Satisfy My Needs?' 
The conference will feature a manufacturers panel. 

To obtain registration Information and a conference 
agenda, contact William E. Woodward, NOAA, Office of 
Ocean Technology and Engineering Services. 6010 Execu- 
tive Boulevard, Rockville, MD 20852 (telephone: 301-443- 
H44).S 

Rock Mechanics Symposium 

A call for papers has been issued for the 23rd U.S. Sym- 
posium on Rock Mechanics, to be held August 25-27, 

'982, at the University of California at Berkeley. 

The theme of the symposium is 'Issues in Rock Mechan- 


ics. Topics to be discussed include fn-silu stress measure- 
ment; geological stress determination; mechanical, thermal, 
and hydraulic properties of rock masses; rock mass explo- 
ration; rock fracture mechanics; brittle-ductile transition; de- 
formation mechanisms and texture development; scaling ol 
test data; numerical modeling; Instrumentation; statistics in 
rock mechanics; rock reinforcement; energy recovery and 
storage: dynamic rock mechanisms and related applica- 
tions; creep mechanisms; and large-scale field experi- 
ments. 

Prospective authors are invited to submit abstracts ol not 
more than three to four typed, double-spaced pages (1000 
to 1200 words plus one or two figures) by January 29 to 
Organizing Committee, 23rd Rock Mechanics Symposium, 
cfa Richard E. Goodman, Department of Civil Engineering, 
440 Davis Hall, University ol California, Berkeley, CA 
94720. Authors will be notified by March 1 ; the deadline for 
completed papers is May 1. 

To receive a final symposium program with registration 
Information, write to Continuing Education In Engineering, 
University of California Extension, 2223 Fulton St.. Berke- 
ley, CA 94720. The final program will be available In May. 

The meeting is sponsored by the U.S. National Commit- 
tee for Rock Mechanics, Ihe International Society for Rock 
Mechanics, and the University of California. $ 

IES ’ 81 — Effect of the 
Ionosphere on 
Radiowave Systems 

A symposium entitled 'Effect of the Ionosphere on Ra- 
diowave Systems' was held on April 14-16, 1981, at the 
Ramada Inn, Old Town, Alexandria, Virginia. Over 250 par- 
ticipants from government, private industry, and academia 
were in attendance at the symposium, which was orga- 
nized by John M. Goodman of the Naval Research Labora- 
tory and Jules Aarons ol the Air Force Geophysics Labora- 
tory and was sponsored by the Office of Naval Research. 
NRL, and AFGL. The purpose of thB symposium, as in the 
two previous IES conferences, held in 1975 and 1978, was 
to improve the information transfer between system archi- 
tects, managers, and designers on the one hand and Iono- 
spheric physicists and propagation specialists on the other 


hand. Although the military (DoD) interest associated with 
various topics presented at the conference was transpar- 
ent, the commercial and scientific research areas were also 
in evidence. 

The conference was keynoted by Hans Mark, who, fresh 
from hfs participation in the launch of the space shuttle, 
provided the attendees with his perceptions of the future di- 
rection of the space program. A special address was pre- 
sented by J. N. Birch that highlighted the ionospheric re- 
search needs of present and future-planned DoD systems. 
A banquet, held on the evening of Aprli 15. had as Its guest 
speaker J. A. Van Allen, who discussed 'The Magneto- 
spheres of the Planets.’ 

The conference itself covered various topics of current 
interest to the ionospheric research community. Sessions 
topics Included ‘Ionospheric Modification,' chaired by J. M. 
Goodman; 'General Reviews and Total Electron Content,' 
chaired by J. Kelso; 'Equatorial Scintillation Studies,' 
chaired by K. Davies; ‘High- Latitude Scintillation,’ chaired 
by E. Fremouw; 'Sub-HF Propagation and System Effects, 1 
chaired by G. Lane; 'ionospheric and Propagation Models,' 
chaired by J. Aarons; and 'Future Plans and Programs,' 
chaired by S. Ossakow. 

One of the areas ol interest emphasized in (he confer- 
ence was Ionospheric modification. There were 13 papers 
presented on this topic alone. The papora dealt with rocket 
plume effects, chemical releases, optical diagnostics, in-silu 
active experiments. Ionospheric heating and Us various 
manifestations, and possible applications of modification to 
the communication research community. 

Several review papers were presented at the conference, 
including 'Recent Developments in Artificial Ionospheric 
Healing,' by C. M. Rush; 'Ionospheric Predictions — A Re- 
view of Ihe State of the Art.' by K. Davies; ‘New Forecast- 
ing Methods ol the Intensity and Time Development of 
Geomagnetic and Ionospheric Storms,' by S. I. Akasofu; 
‘Recent High-Latitude Improvements in a Computer-Based 
Scintillation Model,' by E. J. Fremouw and J. M. Lansinger; 
and 'Effects of the Ionosphere on HF Radar Propagation,' 
by D. B. Trizna and J. M. Headrick. 

A preprint document containing 75 papers is now avail- 
able. Those Interested should contact F. D. Clarke. IES '81 
Program Coordinator, Code 4181 A. Naval Research Labo- 
ratory, Washington. D.C. 20375. 

This meeting report was prepared by John M. Goodman. 
Chief. Ionospheric Effects Branch. Space Science Division. 
Naval Research Laboratory. Washington. D C. 
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for original research end technical leadership in geomagnetism, 
atmospheric electricity. aBrenomy and related sciences 



ness to give his time, his enthusiasm, and wisdom has 
made the difference between success and failure in many 
of these endeavors. Those of us who know him closely 
also know that he is a ‘complete human being.' Try to talk 
° " If Iu « ra *^e muslc. politics, mushrooms, or wine, 

Mu n^tu H . ? w ,op cs ' and y° u W,H kn °w what I mean. 
My only advice to you is do not (1) ask him how to solve 

he probiem in Ireland and (2) lei him select your wine, un- 
less you have just won the Irish Sweepstakes 

J? 1 wanl J° bs sura that I am not leaving you 

Impression by briefly reviewing Tom’s past 
achievements. He was 60 years young this weekend and I 

° niy * ** * — * » 


Acceptance 


Andrew F. Nagy 


Citation 


«!° supposed lo begin wilh a statement of the 

s ? n JP nor and a p ,easure top me lo introduce ■' 

however, in tho case of Tom Donahue I do not think that i' 
have to Introduce him. since most eve^e here lhte evL 
ning already knows him. His 30-plus-year career spans a 
very broad field of scientific endeavors as well as numer- 
ous Instliulions. We at Michigan are lucky to have had him 
19*4 -He has made his lasting nTk toThe 

*J IS publlcoU °ns, which number 
over mo, nis many graduate students, postdocs nnH mi 
leagues who i have i had ihe good fortune to have worked * 
wilh him. Sydney Chapman must have been thlnkina of 
someone like Tom Donahue when he coined Ihe word aer- 
bnorny. Tom was bom In Oklahoma, receive his B A (mm 
Rockhurst College in Kansas City arto hls Ph n ¥ET 
Johns Hopkins University fn 1947 . Perhaps it Is annmnriaf 
J ba J b0 J? recefvfng ihe Fleming Award hire K? 
more^where his professional career began. His deeo life- 
long involvement in solar System studinR maiiw b . 

wtwW StelSrlhf and POlrit out that It • 

chaired many commituns iKaub . 


^ "!W ; : 
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erlhua?asTo a graup^of h MHeaouYsJn mv ni»o C ;h al,Ve and 

other 1 a? Mchlgan "" 8 * ' hB UnlVerai,y °' Pitebu ^ iS* 
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been of inestimable value to me. No one among those I 
have already mentioned has been closer to me as coron- 
er and friend than Jacques Blamont, Bill Faslie, Bill Han- 
son, Don Hunten, and Mike McElroy. Each of these knows 
the nature and significance of our various Interactions. Anri 
it is a very special pleasure for me to be on the same pro* 
gram as this year’s Bowie Medalist, Herb Friedman. 

As all academics tyould suspect, much of my best ww 
has really been done by my students and research asso- 
ciates. I have had some outstanding ones: Jim Anderson. 
Sushll Alreya, George Doschek, Bruce Guenlher, Jim K®*’ 
Ing, Shaw Liu, John McAfee, Bob Meier, Ian Slewart, Doug 
Strickland, Gary Thomas, Andy Watson — to drop only a 
few names. 

With associates like these it would have been hard for 
me to avoid being involved in the kind of work that ty«J 
recognizing here tonight. My hope Is that future Candida® 
for the Fleming medal will have the chance to erijoy wont- 
Ing with colleagues of this same caliber and will have an 
opportunity to explore the solar system comparable to w 
one I have had. 


AGU BULL MEETING 



v pet Deadline: 


••• :i 'Ji -1#* • 


Thomas M. Donah* 







r 


Terms and Conditions of Sale 


Ptice^Dlscounts: The reduced prices shown are net. No 
additional discounts can be applied. All prices are 
U.S. dollars. 


Time of Sale: Items on this special sale list may be ordered 
anytime from August 1, 1981 through October 1, 
1981. Inventories on some items are limited and 
orders will be filled on a first received basts. 


Minimum Order: There Is a $ 10.00 minimum order, plus 
$2.50 handling charge for these Items. 


Payment: All orders under $100.00 must be prepaid. 
VISA. Master Card, or personal checks are 
accepted. 


Shipping; All Items In the order must be shipped to the 
same single address. Please allow 6 to 8 weeks for 
shipment (longer for overseas). 


6 uniS! Publications will not be accepted for return 
unless they have been received In a damaged 
condition and returned to AGU within 10 days of 
re ceipt. All Items will be replaced if they are still 
available at the time of the claim. 


Phone Orders: You may call toll free 800-424-2488 (In 
[he Washington D.C. area 462-6903) to place your 
hook order. Please have your VISA or Master Card 
numbers handy If you plan to charge your order. 


Physics of Solar Planetary Environments ( 1976). edited by 
D J Williams. 1.038 pages. Illustrated, in 2 volumes, softcover 
(Catalog No. SP00l3),-$2ft69: $7.50 


Geophysical Monograph Series 
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The Thermal and Dynamic State of the Earth 


ro u '-i 
a , 


Glyn M. Jones 

Department of Geophysics 
Texas A&M University 

introduction 

The thermal stale of the earth’s Interior Is a topic of fun- 
damental Importance In many branches of geophysics. In- 
vestigations ranging from the dynamo theory of the origin of 
the earth's magnetic field to the driving mechanism for 
plate motions are all ultimately concerned with the question 
ol how heat Is transferred In various regions of the earth 
and what are the resulting flow patterns and temperature at 
depth. 

present Ideas on this problem are In a state of flux. New 
insights are being brought to bear on old problems, and ad- 
dtlonal questions are being raised. For example, analysis 
of postglacial rebound data from the Canadian shield has 
led to the interpretation that the effective viscosity of the 
lower mantle may not be significantly larger than that of the 
upper mantle, as had been previously thought. As a conse- 
quence, there has been a revival of interest In mantle-wide 
convection as the dominant mode of heal transfer within 
Ihe mantle. A major uncertainty which remains, however, Is 
whether mantle-wide convection would consist of a single 
Row system extending from the base of the lithosphere to 
the core-mantle boundary or whether there are, for exam- 
ple. separate (low systems in the upper and lower mantle, 
separated by a thermal boundary layer at about the depth 
of the 670-km phase transition. 

The possibility of convection throughout the mantle has, 

In turn. Influenced ideas about Ihe thermal evolution of the 
earth. Convection is an efficient means of transferring heat, 
and the earth's thermal evolution would necessarily have 


This Is a report of a conference which was held at the Lake Ar- 
rowhead Conference Center of the University of California, Los An- 
geles, from July 28-August 3. 1980. The sponsors of the confer- 
s nee were the IUGG Inter-Assoclallon Committee on Mathematical 
Geophysics, the U.S. Geodynamics Committee, and the European 
Geophysical Society. The program committee consisted of: T J. 
Ahrens; D. D. Jackson; G. M. Jones, chairman; L. Knopoff; and D. 
E. Loper. Conference support was provided by grants from the In- 
ternational Union of Geodesy and Geophysics, Ihe U.S. National 
Aeronautics and Space Administration, and the U.S. National Sci- 
ence Foundation. 

Supplement (program summary, abstracts and bibliography) 
available with entire article on microfiche. Order from American 
Geophysical Union, 2000 Florida Ave., N.W., Washington, D.C. 
20009. Document E81-002: $1.00. Payment must accompany or- 
der. 

Texas A&M Geodynamics Research Program Contribution 19. 
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naath Mast induces a large-aspect-ratlo convection cell be- 
bfeaimj! ®° n, lnent, which may create stresses sufllolenljo oause a 
at the , • 1 rom paper presented by C. Froidevaux and H. O. NBtat 
the The"* 8 Arrowhead conference on Mathematical ProbM 0 ,® 1 
Ihb and ^amlc State of the Earth. ( See' article. P 609y. 


been very different if throughout its history convection had 
been manlle-wlde rather than confined lo the upper mantle. 

In ihe former case, cooling of the core becomes a signifi- 
cant lactor, with Important implications for Ihe growth ol Ihe 
Inner core and maintenance ol Ihe geomagnetic dynamo. 

In order to address these and other major questions thal 
have been raised In recent years about the thermal state of 
the earth's Interior, an International conference devoted to 
■Mathematical Problems of the Thermal and Dynamic Stale 
of the Earth' was held from July 28-August 3, 1980, at the 
Lake Arrowhead Conference Center of the University of 
California, Los Angeles. The conference attracted 85 scien- 
tists including 15 graduate students, from 12 countries. The 
conference sessions were grouped under the following 
main headings: 

1. Thermodynamics and Dynamics of Ihe Core 

2. Heat Transfer in the Mantle 

3. Observational Constraints on the Earth's Thermal 
Regime 

4. Thermal Evolution of the Earth and Terrestrial Plan- 
ets 

A wide variety of opinions and approaches to these 
topics were represented at Ihe conference, and most of the 
sessions were marked by lively discussion. The following 
report emphasizes (he main topics which were discussed. 
Additional details can be obtained from ihe full conference 
report, including abstracts. A limited number ol bound 
copies of the report are available and can be obtained by 
writing to Glyn Jones, Dept, of Geophysics. Texas A&M 
University, College Station, Texas 77843. 

Thermodynamics and Dynamics of the Core 

Estimates of present lemperalures In the core are of cru- 
cial importance In evaluating current theories ol the state of 
the core and Its thermal evolution. Using the Llndemann 
theory ol melting, Stacey finds that the melting temperature 
of pure iron at the pressure (3.2 Mbar) of Ihe inner-core 
boundary is 6420 4 K. The effect of alloying lighter material 
(S or O?) is uncertain since the appropriate phase relation- 
ships are unknown al these pressures. Based upon the ex- 
trapolation from lower pressures of Ihe behavior of the Fe- 
FeS eutectic [Usselman, 1 975a, b ). the temperature at the 
inner-core boundary may be as low as 4200% This Is 
probably a lower bound, however, since the mean compo- 
sition of the core, if sulfur Is indeed the lighter element 
present, may lie closer to the Fe end member than lo Ihe 
eutectic composition \Ahrens, 1979]. Determination ol Ihe 
phase relationships for likely core materials at the appropri- 
ate pressures would help to remove a great deal ol the 
present uncertainly. Using Ihe low figure for the tempera- 
ture at the Inner-core boundary, adiabatic extrapolation to 
the core-mantle boundary gives a temperature there of 
2900°K. Using a completely different approach which uti- 
lizes a generalized form of the Mie-Gruneisen equation of 
state [Brennan and Stacey, 1979] and earth model data, 
Stacey calculates a perhaps more reasonable temperature 
ol 3770% at the core-mantle boundary. 

Since the outer core is known lo be a metallic liquid, it 
would seem logical lo attempt to understand its properties 
by using liquid-state rather than solid-state theory. Steven- 
son outlined recent theoretical approaches to this problem. 
Encouraging results have already been obtained by using a 
‘hard-sphere' model of liquid structure [Stevenson, 1980], 
including an independent derivation of Lindemann's law of 
melting under the condition that the pair distribution func- 
tion preserves its shape along the melting curve. More real- 
istic models of the pair potential are needed, however, to 
make further progress [Boschl et al., 1979]. Because of the 
difficulty In specifying on purely theoretical grounds the 
contribution of Itinerant electron slates to the Internal ener- 
gy budget, it appears that the most profitable future ap- 
proach will Include a combination of empirical and numeri- 
cal (e.g., Monte Carlo) techniques. 

The question of energy sources for the geomagnetic dy- 
namo Is also central lo any discussion of the thermal re- 
gime of the core. Maintenance of the geomagnetic field 
against ohmic dissipation requires a supply of magnellc en- 
ergy at the rale of about 10" W for a toroidal field ol a few 
hundred Gauss. This energy Is supplied by the work done 
against the Lorentz force by fluid motions In the outer core. 
The actual power requirement for dynamo action therefore 
depends upon how efficiently fluid motions can be main- 
tained in the outer core. Gubblns reviewed the possibilities. 

Processional torques, once considered a viable source of 
energy for the magnetic field, have been shown to be 
dynamically Inefficient [Rochester el al., 1075). The most 
plausible other energy sources appear to be Ihe possible 
presence of K 40 In the outer core and/or alow cooling of the 
core The latter mechanism Involves differentiation at Ihe 
Inner-core boundary of outer-core material Into a heavy sol- 
id fraction which sinks lo enlarge Ihe inner core, leaving a 
tighter liquid residue that rises ihrough the outer core and 
may Induce motions there sufficient to maintain Ihe dyna- 

m Thl8 mechanism, originally proposed by Braginsky 
(19631 Is favored by Gubblns on the grounds ol Its appar- 
ently greater efllolenoy. compared to thermal convection 
driven by Internal energy sources Febrn and Loper dls- 
' cussed the process In more detail and concluded thal. wHh 
some modiftoatlohs to ; Braginsky’s original hypothesis, the 
1 machantem Is a viable one for maintaining Ihe magnelte 
told [Feam and Loper, 1081). Loper raised the Interesting 
oosBlbUlly that the Inner core may actually grow through the 
tarnation of dendrites above the Inner-rare boundary, a . 
■ ESmanoil which has been directly observed In Ihe so- 
FtoS ^ 0Cl to unidirectional cool- . 
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Fig. 1 . Possible temperature profile within the core, leading lo 
Ihe formation of a stable region at Ihe top ol (he core (from paper 
presented by 0. Gubblns): T m is the melting temperature, T, the 
Initial (adiabatic) temperature, and T a (he present temperature. If 
the mantle temperature Is fixed at T c , the core will still continue to 
cool and will evontually become sub-adlabailc somewhere. Here 
(he region between C and A Is assumed stable, with the tempera- 
ture obeying the conduction equation and matching Ihe adlabal at 
C. 

ed heat sources cannot, however, be dismissed on the ba- 
sis of efficiency arguments alone ( Verhoogen , 1980], and it 
appears thal other arguments will have to be made lor pre- 
ferring one mechanism over the other. The theoretical cal- 
culations of Bukowlnski, for instance, suggest that at suffi- 
ciently high pressures the heavy alkali metals may undergo 
a change in electronic configuration which would considera- 
bly alter their chemical properties [ Bukowlnski ancf Hauser. 
I960]. This may enhance the case for Incorporation ol ra- 
dioactive elements into tho core during the oarly evolution 
of ihe earth. 

An argument that Is relevant here is the question of how 
much heat is flowing across the core-mantle boundary. 

This is linked to the efficiency of heat transfer through the 
mantle, which is discussed further below. Gubblns sug- 
gests. however, that tf the necessary heat cannot be ex- 
tracted from tho core fast enough, this may lead to the de- 
velopment of a stably stratified region at the top of the out- 
er core within which radial motions would be Inhibited 
(Figure 1). Whaler pointed out that under such circum- 
stances. the frozen-flux Induction equation predicts thal lo- 
cal extrema ol the poloidal component B, ol the magnetic 
hold should coincide with points of zero time-rale-ol-change 
of B r . Downward continuation of the 1965 IGRF to the core- 
mantle boundary and consideration of its secular variation 
suggests that this condition is satisfied, thereby supporting 
the concept of a stratified layer Immediately below the core- 
mantle boundary. Benton, using a similar approach, ar- 
gued, however, (hat the correlation depends criticaFly upon 
the truncation level assumed for tho reference field and 
that, al best, it may only be possible to place bounds upon 
the magnitude of the radial velocity component near the top 
of the core, which may or may not prove subsequently use- 
ful in modeling the dynamics of the core [Benton et al.. 

1979]. 

Exactly how much heat must be extracted from the core 
In order to maintain ihe geomagnetic dynamo depends 
upon which particular energy source is assumed and the 
amount of magnetic energy required. For thermal convec- 
tion in the outer core driven by distributed heat sources a 
lower bound Is given by the amount of heat conducted 
along the adiabat (-5 * 10 ,z W), whereas the upper 
bound depends on how large a magnetic field needs to be 
maintained. For the case of a dynamo driven by differentia- 
tion of heavy and light material at the Inner-core boundary, 
however. It Is possible that the heat output from Ihe core 
could be less than 5 x 10 12 W [Loper, 1978; Gubbins et 
al., 1979). In this case, however, the efficiency of dynamo 
action is impaired by the amount of additional energy that 
Is required to drive convection In Ihe presence of a stabiliz- 
ing thermal gradient. In order to place bounds upon the 
range ol possible models, more detailed understanding of 
dynamo action in the core is therefore required. 

Busse described some Interesting results obtained 
Ihrough the use of numerical integration of the lull set of 
MHD equations fn a rotating spherical shell. The method is 
iterative, involving perturbations upon successively more 
complicated initial stales (Busse, 1979; Cuong arid Busse, 
1981]. The initial velocity field assumed consists of cylindri- 
cal convection columns parallel to the rotation axis super- 
imposed on a differential rotation. Although no complete so- 
lutions have yet been obtained, Initial results suggest that 
in Ihe absence ol differential rotation, solutions of dipolar 
and quadrupolar symmetry lor the poloidal component ol 
the magnetic Held are almost equally preferred. Thus differ- 
ential rotation In the outer core may be required to sup- 
press solutions of quadrupolar symmetry In favor of the di- 
polar field which to actually observed, tf correct, this result 
would appear to favor the existence of a moderate to large 
toroidal magnellc field In the outer core. . 

Heat Transfer In the Mantle 

The conclusion, derived from postglacial rebound studies 
of the Canadian shield, that the vteboBity ol the lower man- 
tie may not be| significantly greater than that of the upper ; 
mantle has had a profound Impact upon recant studies of , 
the transfer of heat Ihrough the mantle. The implications of 
deep mantle convection therefore formed the focus for a 
' number of papers presented at the conference; 

Peltier reviewed, the evidence on deep mantle viscosity, : 
Inversion of relative sea level data and free-air gravity 
anomalies over the Canadian shield, assuming a/nanile ’ 
with no targe composition al grddienta, constrains the effec-. 
tlva viscosity of the lower mantle to lie between IQ 3 ? poise 
and 3 x lO^ polse, with the kjwer limit being preferred j 
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[Pelller. 1 981]. The implication of this result Is that, given 
reasonable estimates ol heat sources in the lower mantle 
and heat How across the core-mantle boundary, the lower 
mantle is very likely to be convecting everywhere, with an 
average temperature gradient close to an adiabatic value, 
except In thermal boundary layers at the base of the mantle 
and. possibly, at the lop ol the lower mantle, within which 
temperature gradients would be much sleeper. The con- 
cept of a thermal boundary layer at ihe base of the mantle 
appears to be supported by several Independent lines of 
evidence. 

It has long been recognized that within the lower 100- 
200 km of the mantle (region D"), seismic velocity gradients 
are anomalous. From a detailed analysis ol the attenuallon 
ol diffracted P and S waves in the shadow zone, Doornbos 
concludes that the data require a low velocity zone for S, 
and possibly also for P. within ihe lower 100 km ol the 
mantle [Doombos and Mondl. 1979a, b\. The dala are con- 
sistent with a temperature drop across D" or approximately 
1000°. Independent estimates of temperatures In Ihe lower 
mantle, based upon earth model data, also appear to re- 
quire large thermal gradients In I his region in order lo rec- 
oncile temperature values obtained above D" with the high- 
er temperature values Inferred at the top of the core. The 
most reasonable explanation lor these results is that they 
relied the existence of a thermal boundary layer above Ihe 
core-mantle boundary lhal is maintained by convection In 
Ihe tower mantle. Ruff reported, however, that analysis of 
short-period P waves that grazed Ihe core In a restricted 
region beneath the north pole does not support (he concept 
ol a simple low-velocity zone at Ihe base ol the mantle. 

This may mean lhal elthor D“ Is laterally heterogeneous or 
else the structure ol D" is more complicated than hitherto 
suspected. 

The question of whether convection In a mantle of uni- 
form vlscosliy would consist ol a single How system or sep- 
arate flow systems at dHIerenl depths was discussed at 
length. The most significant barrier lo whole-mantle con- 
vection under this condition would appear to be a difference 
In bulk composition between the upper and lower mantle. A 
minor increase In Iron content below the depth of the 670- 
km phase transition might, for example, be sufficient to re- 
strict thermal convection lo the upper and lower mantles 
separately. 

The report by Bell ol ultra-high-pressure laboratory stud- 
ies of the nature ol Ihe 670-km phase transition was there- 
fore received with great interest. Bell and his coworkers 
[Beflef a/. 1979: Yaglal al.. 19791 have found that at a 
pressure of 235 kbar (670 km), spinel with composition 
(Fo M Fa, 0 ) inverts to porovskito ((Mg,Fe)Si0 3 J with X fo = 

0.02 (where Xp„ - Fe/(Fe + Mg) in moles) plus magne- 
siowusllte [<Mg.Fe)0| with X Fa = 0.2. The partitioning of Fe 
preferentially into the oxide phase rather than the more 
dense perovsklte phase results in a mixture with an overall 
density very dose to the PEM model of Dz/ewonski et at. 
(1975/ below 670 km. There are indications lhat ihe result- 
ing mixture may be stable all the way to thB core-mantle 
boundary. These results do not therefore appear lo require 
a change in bulk chemistry across the 670-km transition, al- 
though uncertainty about Ihe exact composition ol Ihe up- 
per mantle means lhat this possibility cannot be completely 
ruled out. Further experiments on Ihe thermodynamic prop- 
erties ol this phase transition will be of great importance in 
determining the thermal gradients to be expected in this re- 
gion for the opposing cases of convection through the 
phase transition or thermal boundary layers above and be- 
low the transition level. Olson finds lhat temperature lumps 
ol up to 2000° can occur across Internal boundary layers in 
models with double-layer circulation. In contrast, single-lay- 
er circulation In a spherical shell of uniform properties re- 
sults in a nearly uniform, averaged internal temperature 
[Zebiti at al.. 19801. If it should prove possible lo determine 
the properties ol the phase transition with sufficient accura- 
cy, then seismological data might be used to discriminate 
between Ihe possible cases. 

Other types of data that may be relevant to the question 
of single- versus multiple- layered convection in the mantle 
include the distribution and energy release in deep earth- 
quakes and differences between the Isotopic composition of 
continental rocks and oceanic basalts. 

Deep earthquakes beneath some trenches show a sharp 
burst ol activity just above a depth of 670 km, followed by 
an abrupt cutoff In activity below this deplh. Allhough the 
exact cause of deep earthquakes Is uncertain, this obser- 
vation does suggest that downgoing slabs experience a 
resistance to penetration through Ihe 670-km phase transi- 
tion [fliichter. 1979}. This may be caused by a change in ei- 
ther Ihe mechanical properties or the chemical composition 
of the mantle at this depth. 

The ooncepl ol a chemically layered mantle has also 
been suggested on the basis of isotopic studies ol conti- 
nental rocks and oceanic basalts (e.g., Wasserburg and 
DaPaoto, 1979}. These studies suggest that continental 
crust and midocean ridge basalis (MORB’s) are enriched 
and depleted, respectively, in certain large-ion elements 
relative to chondrites. Assuming that the continents have 
evolved with time from a primitive mantle ol chondriilo com- 
position, leaving a depleted reservoir which Is the present 
source of MORB’s. It is possible lo estimate the volume of 
material lhat must have been involved lo produce Ihe rela- 
tive Isotopic abundances observed. Richter and D. Ander- 
son reported that Buch calculations come out with a figure 
of aboul one-third of Ihe volume of the present mantle 
equivalent lo Ihe upper mantle above the 670-km transition 
zone. The implication of this result Is (hat the upper and 
lower mantles may have been Isolated chemically for 1 b.y 
or more, with the lower mantle remaining primitive and, pre- 
sumably, retaining most of Its original radioactive heal 
sources. 

A variety of models were proposed to explain how this 
differentiation may have occurred (see discussion below) it 
fa uncertain how these inlerpretatfons will hold Up as more 
data are collected, but if the concept o! separate chem^l < 


reservoirs In the upper and lower mantle Is subsequently 
confirmed, It would obviously have major Implications for 
flow patterns In the mantle and In the distribution of ha at 
sources. Under these circumstances the Implications of 
postglacial rebound data for the viscosity ol the lower man- 
tle may have to be reinterpreted, since present Interpreta- 
tions assume that a continuous How system extends down 
to the core-mantle boundary. 

Still another approach lo the question of the scale of flow 
In the mantle Is through the use of boundary layer models 
that attempt to assess the Influence of various modes of 
mantle convection upon observed surface variables and 
temperatures In the core. Using the mean-field approxima- 
tion to express the horizontal structure of the flow In terms 
or a single spherical harmonic, Olson finds that In the limit 
of asymptotically large Rayleigh number the simplest model 
which gives reasonable values for surface heat flux, angu- 
lar plate velocities, and core temperatures consists of a sin- 
gle circulating layer that Is partially heated by the core. The 
possible importance of core heat was further emphasized 
by Jarvis, who reported that models Involving mantle-wide 
convection driven by a combination of about 80% heal flux 
from below and 20% Internal heat predict a flattening of 
surface topography with age similar lo lhat observed In the 
oceans [Jarvis and Pelller, 1980]. 

The direct applicability of these results to the mantle Is, 
however, uncertain, since the effects of a realistic mantle 
rheology have yet to be Incorporated. Hughes pointed out 
that (he nonlinear dependence of strain rale on tempera- 
ture and stress In mantle materials is likely to lead to com- 
plicated patterns of flow quite unlike those observed In sim- 
ple Newtonian fluids. The flow may also be fundamentally 
lime dependent If two or more Interdependent relaxation 
mechanisms operate [Gangi, 1981], On the other hand, 
Tozer argued that within a fluid with Internal heat sources 
in which the viscosity Is a strong function ol temperature 
the Internal temperature and viscosity may be constrained 
within fairly narrow bounds. If the Internal temperature is 
originally low, the viscosity will be high and the internal 
temperature will rise because Ihe heat generated by the 
heat sources cannot be removed efficiently. As the tem- 
perature rises, however, the viscosity will decrease, con- 
vection will become more vigorous, and the temperature 
will decrease again. Thus, on the average, a quasi steady 
state may prevail in which the Internal temperature and vis- 
cosity will be approximately constant. Under these circum- 
stances, the main differences between temperature-depen- 
dent and constant viscosity flows may occur predominantly 
in the structure of the boundary layers. 

In this vein, Ivfns reported that the heat transported 
through a fluid shell with temperature-dependent viscosity 
Is reduced In comparison with ihe constant viscosity case 
because of the formation of a high-viscosity boundary layer 
at the surface, through which heat Is lost mainly by conduc- 
tion. A related effect of the viscosity variation is that the 
horizontal wavelengths of flow which maximize Ihe heat 
transport are smaller than the values predicted via the use 
of constant viscosity results. This result assumes signifi- 
cance because ol Daly's demonstration that at high Ray- 
leigh numbers the mean heat flow across the upper bound- 
ary layer of a variable-viscosity system Is a sensitive func- 
tion of the dominant wavelength of the Interior flow (Figure 
2). It Is apparent from these results that while the tempera- 
lure dependence ol viscosity In mantle materials may well 
account for the apparent uniformity of viscosity with depth 
,!? , mantle there are many details about the structure of 
likely mantle flows that remain to be resolved. 

Since the lithosphere forms the cold upper boundary lav- 

uoi^iM Q aril e l0W ’ 18 11 P° ss,b,e 10 uae observations of plate 
velocities as a constraining factor on mantle rheology and 

a Hager ds8 cribed recent numerical 

models designed to address this point. The problem is 
compl cat ed by the fact lhat it is not known whether plates 

fl0W ben0a,h ,he P |a,es or density gra- 
dients within the plates themselves. Adopting the latter 9 
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and as p®f ratios for the flow. Independent esti- 
mates of one variable would, however, allow the other to 
be constrained within useful bounds 
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of the mantle at different depths. Lateral variation* i n 
can, in principle, be used to Infer lateral changes in "if 
and temperature. Initial results, using this method 
orally consistent with other estimates of temperatur^i? 5 "' 
mantle, and future results will be awaited with Intern i 

Turning to more detailed models of thermal pmcaL 
the upper mantle, a number of authors dealt with ni 27 in 
of lateral heterogeneity and stability In upper mantffi™ 
mal systems. These investigations ranged In scbIa iJr 
analysis of the stability of the lithospheric thermal boZ 
layer beneath continents and oceans to Soret oomSS. 
magma chambers and the ascent of magma Melrahn 
gued the case for asthenospherlc shear heating benLih 
continents, and Froldevaux discussed the possible aftIL 
a cold, downgoing slab upon the aspect ratio of coni! 
under a neighboring continent [Rablnowltz et al. 19901 

These topics Illustrate the types of problems that nB L 
be addressed If progress Is to be made In understand^ 
the complex thermal structure of the upper mantle To 9 
some extent, the ability to address these types of Drobtems 
In a systematic way Is limited by the speed and Internal 
structure of present computing systems. It therefore ao- 
pears likely that recent revolutionary developments inamv 
puter architecture (e.g., parallel processing) and Improve- 
ments In numerical techniques [Woldt and Neugebam 
1980; Kopltzke, 1979] will have a significant Impact upon 
the range of problems that can be feasibly studied In the 
future. 

Observational Constraints on the Earth’s 
Thermal Regime 

Measurements of the conductive heat flux crossing ihe 
earth's surface and its variation with the age ol surface fea- 
tures have provided Important constraints on models ol 
plate production and the distribution of radioactivity wilhln 
the continents. If the transfer of heat within the earth Is rap- 
id, as would be the case If some form of mantle-wide con- 
vection exists, then the present mean heat loss of the earth 
also places a fundamental constraint on the total rateot 
heat production within the earth. 

As pointed out by Lister, estimates of the mean heal loss 
of the earth have risen sharply In recent years because ol 
the discovery that hydrothermal circulation at ridge crests 
may play a major role in removing heat from young oceanic 
crust [Usler, 1980]. Heat flow measurements over ridges 
fall substantially below estimates based upon theoretical 
models of a cooling plate [Sclater et al., 1980]. The dis- 
crepancy can be attributed to the penetration of cold sea- 
water to a depth of several kilometers along fractures In 
young ocean crust. This cools the material and results in 
conductive thermal gradients that are too low. Present esti- 
mates of the total heat loss of the earth, taking hydrother- 
mal circulation Into account, amount to about 4.2 * 10 ,3 W 
(10 13 cal/s), a substantial increase over previous estimates 

Ida presented, however, a different Interpretation of the 
heat flow data over ocean ridges. According to his model 
the low heat flow values measured in these regions result 
not from hydrothermal circulation but because of small- 
scale convection In the asthenosphere beneath the ridge, 
which transfers heat laterally between the axis and flanks 
of the ridge. This results In a more even distribution ol heal 
flow values al the surface than predicted by simple cooling 
models. 

The Interpretation of heat flow measurements on the 
continents was discussed at length. Most workers are in 
agreement that the statistical trend of decreasing heat flow 
on the continents with increasing basement age Is real, mi 
there is disagreement as to how this trend should be Ini&r- 
preted. The controversy centers around whether or not tw 
measurements require a substantially thicker llthosphwe 
beneath continental shields than beneath old ocean wans, 
a question which Is of Importance with regard to theve- 
cous coupling of continents to flow beneath the pjatej 

Interpretation Is complicated by the uncertain effect « 
processes such as plutonism, continent-continent ' 
erosion, water circulation within the crust, etc., wti cn 
duce a large scatter In the measured heat flow vajuss. 
concept of a 'heat How province,’ within which sunew . 
flow and radiogenic heat production are found 10 136 1 
related, has, however, led lo the recognition that a «ige 
part of the scatter can be attributed to variations 
surface heat sources. In regions where a satisfactory 
relation can be obtained, the reduced heat flow 
Interpreted as representing the non radiogenic coning 
to the surface heat flow, therefore appears to be 0 nw , 
useful basis for comparison than the surface heat now 
ues themselves. 

For North America, Go values appear to foltowan _ 
(age) deoay out to 200 m.y. or so, after which they 
out to a constant value of 25-30 mW/m 2 (0.6-0/ 
cm 2 s) (Figure 3). The figure of 200 m.y. Is sufficiently 
to the Inferred value of 120 m.y. for flattening of 
lc heat flow curve to suggest that the equilibrium wgj 
ol continental lithosphere beneath North America irer 
similar to that for old oceanic lithosphere. . " 

This result differs from previous Intarpretatto^.,.^ 
based upon the variation of surface heat flow va , _ • 
and which appear to suggest sin equilibrium Htho^^^j. 
thickness beneath continents of 300 krrt or . 

and Chapman, 1 977]. England proposed that 
. ancy can be resolved In favor of a thipner 

sphere If erosion of toe oontlnente Is taken ( 

According to his model, the surface heat 
may be satisfied Iferoalon of 20-30 km of 


• occurs in Too^oo; rniyl, with *•' lithosphere 
150 km thlpk [England arid Richardson, wUSktaj 
Ing mechanism tor; this much; erosion 
of the continental crust at a colnpressiyb .pia^.j^j 
.- QePaoio pojnted-c^iti hdweverVtnat j$ 
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AGE, M.Y. 

Fig. 3. Heat flow versus age for the continents. Surface heat 
now data from Polyak and Smirnov [1908] and Sctefer and Fran- 
chateau [1970]. Reduced heat flow values Q, complied for North 
America. From paper by D. D. Blackwell and S. Chockallngam. 

active heal sources occur everywhere at shallow depths 
may therefore be substantially In error. Rao further empha- 
sized Ihe problems Involved in using data from different re- 
gions to attempt to define a universal heat flow-age relation 
lor the continents analogous to that obtained In the oceans. 
The other participants agreed that It Is important lo under- 
stand the effect of local processes before attempting to Iso- 
late broader trends that may reflect deeper processes. 

A great deal of uncertainty relating to lithosphere struc- 
ture and mantle convection would be eliminated by Inde- 
pendent estimates of the temperature at depth. Huestis dis- 
cussed the problem of Inverting heat flow data to infer 
steady slate subsurface temperatures by using a Backus- 
Gilbert formalism [Huestis. 1979, 1980]. In another ap- 
proach to the determination ol the shallow thermal regime, 
toe current state of the art in geothermometry was re- 
viewed by Mercler [I960]. 

Direct determination of temperatures in the lower mantle, 
allhough of obvious importance to many of the topics dis- 
cussed at the conference, is hampered because of uncer- 
tainly about the detailed composition and physical proper- 
lies of this region. Graham has performed a careful analy- 
sis of (he constraints imposed by earth model date and 
finds that, for a range ol plausible lower-mantle models, 
adiabatic conditions and temperatures of 2600-290CFK 
near the base of the mantle are compatible with model Bl 
0 ! Jordan and Anderson [1974]. Similar results were ob- 
tained by 0. Anderson, who used a different method [An- 
derson, 1980). As mentioned before, these estimates of 
temperatures above the core-mantle boundary are substan- 
tially lower than most recent estimates of temperatures at 
the top of the core and therefore, If correct, appear to pro- 
wde support for the concept of a thermal boundary layer at 
the base of the mantle. 

Turning to the question of how lateral temperature anom- 
ies In the mantle might be delected through the use of 
seismological data, Knopoff reported that ultra-long-perlod 
Rayleigh waves that have travelled along the East Pacific 
Rise have phase velocities which are significantly lower 
than the global averages. Inversion of the dispersion data 
bads to two alternative models for the deep velocity struc- 
ture beneath this region: one model In which sharp velocity 
minima are centered around 100 and 450 km depth; the 
other model with smaller velocity perturbations extending 
down to B50 km and possibly deeper. The latter model Is 
wmpatlble with the existence of deep flow beneath the 
East Pacific Rise, possibly extending Into the lower mantle. 

Precision mapping of the shape of the oceanic geold by 
using satellite radar altimetry is another fool which has re- 
cently become available to geophysicists interested in the 
thermal state of the earth. Runcorn reviewed historical in- 
terpretations of the geold and pointed out the important role 
played by the lithosphere In controlling the sign of the geold 
juwmaly to be expected over upwelling and downwelllng 
flows. This point was further explained by Parsons. Numerl- 
experiments have shown lhat toe relationship between 
99oid anomalies and surface deformation produced by con- 
vection Is principally determined by the wavelength ol the 
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feature relative to the depth ol the convecting layer and as- 
sumptions about the way In which the upper and lower 
boundaries deform. In applying these results lo the mantle, 
only features with wavelengths greater than 400 km should 
be considered since shorter-wavelength features reflect thB 
properties of the overlying elastic plate. Preliminary results 
obtained from analysis ol long-wavelength satellite altimetry 
data and seafloor topography in the Pacific suggest the ex- 
istence of a complex pattern of flow In the mantle beneath 
this region. Jones reported that there appears lo be a sys- 
tematic inverse correlation between the amplitude of long- 
wavelength geold anomalies crossing trench-island arc sys- 
tems and the age of the associated back-arc basin (Figure 
4). This result suggests a link between the deep structure 
of subductlon zones and tectonic processes at shallow 
depths. Finally, Kaula has analyzed, on a global basis, vari- 
ations In surface plate velocity, gravity, topography, and 
heat flow. The spectra of these quantities provide con- 
straints on the depth variation of physical parameters relat- 
ed to convection [Kaula, 1980]. Kaula finds lhal the spectra 
of gravity variations and plate velocities lead lo an estimate 
of 4 x 10 22 poise for the effective viscosity ol the litho- 
sphere. This low estimate Is weighted heavily towards re- 
gions of high strain rate and large gravity anomalies. I.e., 
subductlon zones, and may therefore physically represent 
the efficient release of stress In these regions by earth- 
quakes. 

Thermal Evolution of the Earth and 
Terrestrial Planets 

The realization that convection may be the dominant 
mode of heat transfer all the way from the inner core 
boundary to the base of the lithosphere has had a major 
impact upon current models of the earth's thermal evolu- 
tion. 

The basic element of these models is the assumption 
that on long time scales (100 m.y. or more) the mantle 
transports heat like a fluid of constant viscosity. The justifi- 
cation for this assumption is the probable ‘self-regulating’ 
effect of a strongly temperature-dependent viscosity [Tozer, 
1972]. Under this assumption it is possible to express the 
average radial heat transport through the mantle in terms ot 
an empirical Nusselt number— Rayleigh number relation 
obtained from numerical experiments on convection in con- 
stant-viscosity fluids [McKenzie and Weiss. 1975]. Tills ap- 
proach reduces the full set of equations governing convec- 
tive heat transport In the earth to a 'parameterized’ set 
which are capable ot solution [Sharpe and Peltier. 1979). 

Although details ot Ihe evolutionary history ol (he earth 
developed by using this scheme are sensitive to the initial 
conditions and parameter values assumed, it is found that 
most reasonable models require heat sources in the core in 
order to prevent the whole core from freezing during [he 
lifetime of Ihe earth. Stevenson suggested lhat the release 
of latent heal at the Inner core boundary may be sufficient 
for this purpose, with no requirement lor additional radioac- 
tive heat sources in the core. In his models, aboul 30° o of 
Ihe present surface heat flow is derived from whole-earth 
cooling, with one-third ol this coming from the core. 

Peltier warned, however, lhat caution should be exer- 
cised in using the parameterization scheme in its present 
form, since ll is based upon' a number ot simplifying as- 
sumptions which have yet to be rigorously tested. The role 
played by the lithosphere, for example, which in tight of the 
variable-viscosity results discussed before is likely to be 
crucial, has yet to be adequately addressed. 

Both Hsui and Stevenson stressed the relative impor- 
tance of size and temperature-dependent viscosity in con- 
trolling the thermal evolution or the terrestrial planets. Small 
planets such as Mercury or Mars would have cooled off 
quickly from a hot initial stale but may still have partially 
molten cores because the efficiency of convective heat 
transfer decreases rapidly as the viscosity increases. The 
small magnetic fields Inferred for these planets may there- 
fore be due to either restricted dynamo action at present or 
to residual crustal fields derived from the time when dyna- 
mo action was more vigorous. 

The thermal evolution of the earth is intimately linked 
with its chemical evolution. Geochemistry therefore pro- 
vides another constraint which thermal evolution models 
should lake Into account. The following Is a summary, 
based upon the papers presented at the conference, of the 
possible sequence of major events associated with the 
earth's chemical evolution. 

The separation of the core may have started even before 
the Initial accretion was complete, if 50% or more of the 
gravitational energy released by in-falling mailer was re- 
tained [Kaula, 1979]. Simultaneous differentiation and ac- 
cretion would have subsequently kept the temperature in 
the protomantle close to the solidus. The separation ol core 
and mantle may have been essentially complete as early 
as 4 4 Qa (b.y.b.p.). 

co r |u whole-mantle convection would have resulted In 
Dartial melting In the upper mantis and differentiation of the 
wust^e Wghsr toermal gradients present at (hat lime 
probably prevented the formation ol a stable surface layer, 
the surface tectonic style may Instead have been one of 
vioorous small-scale convection. Anderson believes that 
theSrenllatlon ol less refractory material from a primitive 
rhnnriritlc mantis may have resulted In Ihe formation of an 
SteuSteThU collected ebove the 670-kn, die- 
“By, tnus ?«eotively shutting oil whole-manUe convec- 
£n at an early stage \Andwsm. 1979], Subsequently, ac. 
i ' mivilnb to this view, the upper and lower mantle would 
Svetch/Kp^ately. EEnbert presented a similar two, 
E mantle model lo account lor the unusual leotoplo 
KdeS Sdome moke on the' condnenle (Figure^ 
* b S argued, however, lhal whole-mantle Mnvec- ; 
■inn SS compatible with. Ihe apparent, existence ol 

&liS>volre In Ihe mantld. Al Ihe. present 
■; S pie^rSdctldn H would require 4 b.y. dreutete 
Thames) ol the mantle through a zone 100 km thick be- 
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nealh the ridges. In contrast, tho ridges sweep out an area 
equal to the earth's surface in only 0.5 b.y. Thus repeated 
sampling ol the upper mantle beneath ridges may lead to a 
relatively depleted upper mantle, whereas magma sources 
which tap the lower mantle would be relatively undepleted. 

By the close ol (he Archean (2.0-2.5 Ga), the continental 
crust had apparently stabilized, indicating lhal near-surface 
temperature gradients had decreased significantly. This 
may have been a time ol microscale plate tectonics, char- 
acterized by up to 10 times the present rate of plate pro- 
duction. Since that lime, local additions to ihe continents 
have occurred, resulting in the complex isotopic and iracc 
element patterns which are observed in continental rocks 
today. The gradual cooling ol the outer layers ol the earth 
and the formation ol a thick lithosphere may have greatly 
reduced the subsequent efficiency of heat removal from Ihe 
interior. 
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Environmental Cancer Risks 

In a long-awaited report (‘Assessment ol Technologies 
mo ™ m nFng Cancer Rlsks From 1he Environment') the 
.L° , of Technol °9y Assessment (OTA) has evaluat- 
ed me role ol environmental ractors In cancer diseases. 
Environment Is Interpreted broadly as encompassing any- 
thing that Interacts with humans. Including (he natural envi- 
ronment, food, radlalion. Ihe workplace, elc. Geologic fac- 
tors range from geographic location to radiation and specif- 
ic minerals. The report, however, is based on an Inade- 
quate data base In most Instances, and its major recom- 
mendalfons are related to the establishment of a national 
cancer registry to record cancer statistics, as Is done for 

inlhi flilahi? t 0888 . 8 ' , PresBnt[y ’ hard s,a tis lies are lacking 
in the establishment of some association between the 

cause-effect relationship of most environmental factors and 
most carcinogens. Of particular interest, but unfortunately 
based on unreliable data, are ihe effects ol mineral sub- 
n^ 63 .^ . BS ' a l bss,os -‘ USQS mineralogist Malcolm 
8 " a *£? S,OS and ,,s eft6C,s human health 
J Socle{y of America's Short 

Course on the Amphiboles (flewews in Mineratooy 9 In 
press, 1981). 

To understand the problems of evaluating cancer risks 
ram mineral substances is to realize ihe dilemma of at 
toast four federal government agencies (among olhars Ihe 
Pral f ,fon Agency (EPA). (he cLupalional 
? a, ^. Hea, h e A < 9enCy {OSHA J- lh0 National Institute 
or Occupational Safely and Health (NIOSH), ihe National 

Heal . th 1 NIH )) many more private founda- 
tions and organizations being Involved. Out of the incredi- 

fUSe< l m,X,Urs ° f medical data - tafl* reslricSs and 

iiro RwTni G K m ,t rQ ^ a few poinEa worth ~nslder- 

« 3 ' al,hou 9 h ,he OTA report ascribes as much 

a i^“° f . rec i 0nt oncers (the past two decades) to envi- 
ronmental fadors and ihus (The environment) . . . repre- 

Th- C K f t ^ J USeS 11131 ar01 al ,east theoretically, modifi- 
able. The broadness of definition and Ihe lack of hard data 
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result In tote meaning only that most cancer (there are 200 
diseases Included) Is not caused by Inborn genetic factors. 
Where mineral substances are Involved Is what the OTA 
refers to as 'promotion and synergism,' as follows: 

Cancer causation is thought to Involve at least two 
steps: an early (nidation step and a later promotion ef- 
fect. A single agent may cause both events, or two or 
more separate agents working in the proper sequence 
may be necessary. Initiation Is generally thought to in- 
volve a genetic change In the cell, but that change 
d ° as n ° u, i ,n a fu mor unless a promotion event 
fellows It. The latent period 0 / most cancers— the time 
between exposure to an Initiator and appearance of 

!h oFtan 20 Y ears or ™°re. This long la- 
tent period is the cause of a great deal of apprehen- 

^. n .i™ n9 Policymakers, scientists, and the general 
pub c because new substances and living habits are 
continually Introduced, and today's harmful exposures 
may not causa ill effects for years. P 0S 

0LJl a number of problems with blaming as- 
522 “ a T. ce I risk ln th0 U.S. The occurrences S/m*, 
sothelloma. related to asbestos, are Isolated to mines in 

and , Western Australia where chrysltollte Is the 
dominant mineral. In Ihe U.S., asbestos contains liitia nr nn 

Sate'ln fiMt* an ^ 0 P h V llila are Ihe dominant 

dta» «,»?!, !I |S ,he .. submlcf0n diameters ol chryaltoille nee- 
SnaV h w 0 Pi? arenll Y contribute to development of the ili- 

m 8 n f S 88 nsk ' ,lbsrs gr0at0r ,haa 5 p-m In length 
fiMhfln S i n? n MJ1 J n dlamet0 r (in concentrations of great- 

e San LLmd^amif ^' °L he : asb03,os minerals am gS- 
woukfbe SSSaSe^ 11 

S.’, j™> 

NRCj Wall on SPS Raaoarch 

that amends 

and developmenloUsatellt^ 3 de f ade ,or re8Ba mh 
lead. NASA ahouli m 0 n“ re C SS2 W 

m CnaM« l lh re, ^ 0,, i P^dd'aaHy to Congroasf^ 8 d6velo P' 
tha Commlltero^rtaii^'p^ £ p |' “cording to 

: energy RSD ha committee. Better 

'• • nofogfes, and tolar S? framTaSa??! t0ch ' : : 

■ The'«)mmljte6 elab cells;’ - 

could interterq.wfth SPS v 

■ Wfth ootlcsl prwH Cdmmunlcalions ftnH . 


SPS, as described In a 3-year NASA/Deparlmen! of En- 
ergy report that was completed last year, would use 60 sal 
ellites circling earth In geosynchronous orbit. Each satellite 
would weigh 66,000 tons and have an area equivalent (o 
Manhattan Island. The whole system would beam solar en- 
ergy to earth to deliver 300 billion watts of electricity to 
power grids by 2030. 

In its review of the NASA/DOE study, the NRC commit- 
tee said that Ihe final report, though chock full of 'informa- 
tion useful far policy-making as well as other purposes,’ 
adopted ‘an optimistic rather than a pragmatic' view of 
technical performance, cost estimates, and deploymenl 
schedules. Construction of the mammoth satellites, forex- 
ample, would require vehicles with 13 times the cargo ca- 
pacity of the present space shuttle to be launched more 
than once a day for 30 years. DOE maintains that its report 
was neutral, not optimistic, in balancing technical feasibility 
and cost. 

Tha Committee on Satellite Power Systems, a part of the 
Environmental Studies Board, was chaired by Dale R. Cor- 
son, president emeritus of Cornell University. — BTR S 

Geophysicists 

Roger W. Greensfelder Joined the consulting firm of Con- 
verse Ward Davis Dixon as a principal seismologist In ll» 
firm's San Francisco office. He la responsible for resaarch 
and consultation on various aspects of selsmotectontes and 
engineering seismology. 





Green sfetfer 


WOMEN ENLIST 
YOURSELVES 

in the 

Third Edition 
of the . 

Roster of Women In 




the Gewclence Professions J j 

e roster, published by the American ij" 

b* ts open to. all professional women j : 


apy aspect . of geosciences. 

.i.- . • 

■ • -• "‘.f.l '.v 'V. '"V ■ . 








EOS, vol. 62. no. 31, August 4, 1981 613 


i 


F 05 offers classified space (or Positions 
Available, Positions Wanted, and Services, 

StcplBS, Courses, end Announcements. There 
lino dlscounls or commissions on classified 
Any type that is not publisher's choice Is 
darned lor at display rates. EOS is published 
ottXly on Tuesday. Ads must be received h 
arithg on Monday I week prior to the date of (he 
mu 8 required. 

rmUbs to ads with box numbers should be 

Htfressed to Box Amelia an Geophysical 

Union, 2000 Florida Avenue, N.W., Washington, 

DC. 20009. 

POSITIONS WANTED 
Rales per line 

1-5 tfmea-$1.00, 8-1 1 times-$0.75, 

12-28 tlme8-$0.66 

POSITIONS AVAILABLE 
Rates per line 

1-5 tlmes-$2.00 1 6-1 1 tlmes-SI.BO, 

12-26 times-$1 .40 

SERVICES, SUPPLIES, COURSES, 

AND ANNOUNCEMENTS 
Rates per line 

1-5 jImea-$2.50, B-1 1 tlmea-SI .95, 

12-28 timea-$1.75 

STUDENT OPPORTUNITIES 

For special rates, query Robin Little, 

800-424-2488. 

POSITIONS AVAILABLE 

Nillonal lelanee Foundation, Division of 
OcHn telanoasi Chemical Ooeanogra- 
phsr. The Nallonal Science Foundation. Division 
d Ocean Sciences is seeking qualified applicants 
lor the position of Program Director for marine 
demlsfry. This position will be filled on a rotational 
tent (2 year assignment) at (he EC-14/15 level, 
[aqulvalem to QS-14/15), $37,871 to $50.1 12.50 
per annum, depending on qualifications and experi- 
ence. 

Tha Program provides support for scientists pri- 
marily from academic Institutions to pursue funda- 
mental research In marine chemistry and chemical 
oceanography. 

The selected candidate will carry out program 
faming, proposal evaluation, administration of re- 
search grants, and liaison with other federal agen- 
ts 

Applicants should have a Ph.D. In chemical 
owanography or In a related chemical science field 
or tha equivalent In experience, plus at least 3 
yew of specialized experience In chemical ocean- 
ojrapty Ffekl experience In an academic instllu- 
tonal program Is highly desirable. 

Itae Interested In being considered for the po- 
i-.cn should send letters of Interest and SF-171 or 
war# resume by August 31. 1981 to the Division 
ohwsonnel and Management, Personnel Admlnis- 
n-on Branch, National Science Foundation, 1800 
SSL, NW, Washington, D.C. Fbr further Informa- 
tocall E. Paul Broglio— (202) 357-7840. 

An equal opportunity employer. 

faNsrsIty of Hawall/Faoulty Positions. The 

*PWmeni of Geology and Geophysics and the 
-“^Institute of Gsophy8lcs have openings for 
“*1981-1982 acadamlc year. Rank Is open de- 
Pf«Mt on qualifications. We are seeking persons 
"«™i participate In our leaching and research 
in any of (he following areas: (1) structural 
swgy and marine tectonics; (2) hydrology and 
*j£wrfng geology; (3) marine seismology, mag- 
and gravity. To apply send a letter of inter- 
sn vita and 3 letters of reference lo Dr. 

schianger, Chairman. Department ol Geology 
geophysics, University of Hawaii, 2525 Correa 
nT? ™“lu, Hawaii 96822 (808-948-7826), or 
He Islay, Director, Hawaii Institute of Qeo- 
j£W8. same address (808-948-8760). Open until 

3«l University ol Hawaii 1 b an affirmative action 
*Nal opportunity employer. 

*M]«Unl Prefasaor/Dapartmant of Qaolo- 
"lUnWariity of Varmont. The Geology De- 
snt ai the University of Vermont Is recruiting 
a tanure track position at the assistant professor 
Z ? September 1982. Reid of BpedaJ tza- 
oomplsment existing faculty expertise In 
structure and regional geology. Appllca- 
ln< bul no1 restricted to, geophys- 
petrotogy/geoohronology, hydrology/ 
«^ri' e J ? r u econom,c T* 1 * ajccesslul 

will be expected to develop a research 
both graduate students (M.S.) 
undergraduates. ApplloadonB will be 
December 1981. 

80 roaume and arrange for 
n? L? rel0rBnca to be sent to: 

John C. Drake 
Chairman 

Dolmen! o[ Geology 

^wsftyol Vermont 

K'^VT 05405 

“ » “' ubi "w”™" 1 - 


^ Baoohv.il T 0 ln relations between ma- 
continental tectonics, 

*** P « D - ,n 0eophy8loa ** ,h : 
w “ ,lect ton of marine geo- - . 

ted geofe! Interpretation, familiarity with - 
•Starience in active margfos and . 

'toa kite iamJ?Iv nlr>a marine and land 
**• 18 toctonio mbdels. The appoln- 

v ^ orouB re8eareh W ' 

non-tenure track. Sat-; 
,000, equivalent to regular 
S** 1 wbfT^^n^ 1 ®toiHa/experien9e. Apptlcahts 

**■ Jamag FwL a EPi < i a,lon ,ettw ^ rasume to 
S^ DB Pafbt*M , ^! orn,a Employmenl. Develop-, i 

• •• . ••ntent was pWd.fpr.by the en^lqyer, - 
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AoouBtlcal Physloiit. Physics and Chemistry 
pepartmenl of Naval Poslgraduete School (NPS) 

In Monterey, California, seeks applicants for tenure- 
track position at assistant or associate professor 
level, physicist who has experience and interest In 
teaching and research In area or acoustics. Primary 
mission of NPS is advanced education ol Naval Of- 
ficers. Department offers M.S. and Ph.D. degrees 
In Physics and Engineering Acoustics with major 
emphasis on Master’s degree program. Most 
acoustics teaching Is at senior end graduate level 
with concentration In underwater acoustics. Candi- 
date must have Ph.D„ be effective teacher and be 
Interested in and capable of engaging in research. 
Current acoustics research areas: ocean acoustics 
InducSng propagation, ambient noise, scattering 
and diffraction; propagation In tapered wave-guides; 
acoustic Imaging; signal processing and non-linear 
acoustics. Sand resume end references to Prof. 

O. B. Wilson, Department of Phyelce and Chemis- 
try, Naval Postgraduate School, Monterey, CA 
03940. 

Affirmative action/equal opportunity employer. 


Dlreotor, School of Qaophyaieal Sol- 

•noos. Applications and nominations are solicited 
for the position of Director of the School of Geo- 
physical Sciences at the Georgia Institute of Tech- 
nology. The department, with 21 academic and re- 
search (acuity, 12 research and post-doctoral sci- 
entists, and 70 graduate students, conducts an 
extensive program of research and instruction, 
mainly at the graduate level leading lo the MS and 
PhD degrees. Currently, research is conducted in 
the fields of dynamical and physical meteorology, 
atmospheric chemistry, solid earth geophysics, and 
geochemistry. Applicants must have an excellent 
academic reputation In research and teaching, with 
some administrative experience, and must qualify 
for the rank of professor. The position Is now open; 
curriculum vitae end names of references should 
be sent to: Dr. L. A. Kariovitz, Chairman. Search 
Committee, School of Mathematics, Georgia Insti- 
tute of Technology, Atlanta, GA 30332. Telephone: 
(404) 894-2700. 

Georgia Tech, a unit of the University SyBtem of 
Gebrgia, Is an equal education and employment 
opportunity Institution. 


Postdoctoral Positions. Scrtpps Institution ol 
Oceanography Invites applications for three to five 
postdoctoral positions distributed among ihe follow- 
ing fields: 

1. Inshore processes coastal engineering. 

2. Marine pollution and (he assimilative capac- 
ity oi the oceen for social wastes utilizing 
resonance ionization spectroscopic analyti- 
cal methods. 

3. Climate research, including long-range 
weather forecasting and Impacts of In- 
creased atmospheric carbon dioxide. 

Private foundation funding limits awards lo U S 
citizens. AppointmenlB are (or one or two years 
Applicant should have a background in appropriate 
physical sciences for work in one of these fields at 
the Ph.D. level, or equivalent. Appointments In the 
University of California system will be at the level ol 
Postgraduate Resaarch or Assistant Research, sal- 
ary from $17,1 12-28,400, commensurate with qual- 
ifications Submit resume (spactly positlonflsld) in- 
cluding names of references, before Sepr 18. 1981 
to: J. D. Fraulschy, Deputy Director. A-010, Scripps 
Institution of Oceanography. University of California 
San Diego, La Jolla. CA 92093. Request position 
profiles at the same address. 

SIO/UCSD Is an equal opportunlty/affirmattvs ac- 
tion employer. 

Position in Reflection Selamology/Rloe 
University, Houston, Texas. Tha Depart- 
ment of Geology plans to expand its geophysical 
program. Emphasis will be on reflection seismolo- 
gy. At this time applications are for tha first of two 
open faculty positions. ThB successful applicant will 
help in the search for and selection ot lha second 
faculty member. 

Your main respond blllty win be to tead our de- 
partment Into the area of modem reflection seis- 
mology. Your main teaching and research Interests 
should be In the acquisition and processing of re- 
flection seismic data. You should also hefp In de- 
veloping rigorous undergraduate and graduate cur- 
ricula. which are supported by the traditional 
strength of the Math Sciences. Physics, and Electri- 
cal Engineering Departments at Rice. Enthusiasm 
to work with and undertake soma joint projects with 
our geologists is essential. 

Our planB are to acquire a computer system con- 
figured for high quality data processing. Substantial 
seed money lor this facility Is already in hand. Cre- 
ative cooperation with lha oil and geophysical in- 
dustry In Houston, indutflng a reasonable amount 
of consulting, ts encouraged. Salary wfl be com- 
mensurate with qualifications and experience. 

Please send your curriculum vttae, a surrimary of 
experience In seismic processing, a slatement of 
research Interests, and names of three or more ref- 
erences lo Dr. A. W. Baly, Chairman. Department 
SSw. Rice Unlveraity, MX 
ion. Texas 77001 - Application dsadline-Octeber 1. 
1981. 

Rice Is an equal opporiunlly employer.' 

Atmospheric »clenUst/Oroitp Heed. Senior 
stati scientist position available 
NAICs Areclbo. Observatory. ^^^JSric 
cant wfl be appointed « 

■ 

• meant of solid research aocomptisbmsrts are re- , 
modfficattone ol tM jg 

**sa*'. 


Faculty Position 
Economic Geology 


The Department ol Geology, University of Georgia, has a tenure track 
opening In economic geology. Rank and compensation are open through the 
associate professor level. 


Dulles Include (1) teaching courses in exploration geochemistry (2) super* 
vising M.S. and Ph.D. candidates, and (3) developing a strong research 
program wllh significant field commitment 


Teaching and research Interests In one or more additional fields such as ore 
deposit mineralogy, reflected light microscopy, Iheore Ileal geochemistry of 
ore deposits, fluid Inclusion research, hydrogeochemistry, or environmental 
geochemislry are desirable. 


An applicant should submit a detailed curriculum vitae and have at least 
three letters of recommendation sent to the Acting Head, Department of 
Geology, University of Georgia, Athens, Georgia 30602. 


The deadline lor receipt ol applications is November 1 . 

Ths University of Georgia la an equal employment opportunily/afflrmatfve action Inslllullon. 


Victoria liniwirsity uf Wol I in[> ton 

LECTURESHIPS IN PHYSICS 
(2 POSTS) 

Ap|)lirimt5 for lluisu positions sliuuM luivo proven nxcolluiu it in ro- 
senrcli iinil must lm olilu to i.nntrihiili! nffi'i:! ively In lliu i!i'|i.irlini'nt’s 
umlurgraiinule li-nclilng prognimmu. wliicli r.iivors .ill thn mu in 
bmndins nr physic s. 

Thu uppuiiitULis will lm rminirml to purlicip.ilo in Miu (h’p.irtmi'nt'.s ro- 
suiirch activities. Thusn uro ctnu'oiitratiKi iri lhrn« Holds: Con«limsi , il 
Matter Physics I experimental ami theuruluul similes of inh»rf.ii:r>s anil 
of optical and t runs port properties uf mniul alloys ami amorphous ma- 
terials), Geophysics [pcoiiiiiRiintisni, philu ttH.tiiilics, .soismuloRV. vufea- 
nolugy. m.iri in* y»‘up!jysti.s. phy.s{i.<il in:tMi)opra|iluj .niri N'lirluar l*hvi- 
les llmv-Hii»rj*y mide.ir techniques applied In mute rial, medii.tl mul en- 
vironmental stiuliusj 

For the first post Iho department is seekii^ lo appoint a person who. in 
addition to satisfying ihe above criteria, has experience in the use of 
microprocessors and computers in experimental physics, and could 
contribute to the development of a course in the physics mid applica- 
tions of microprocessors. Additional preference would lie given lo an 
applicant who could help establish links between existing research 
groups. 

For the second post preference will be given to those with research in- 
terests in geophysics who would help establish links with other re- 
search groups. An appointee in geophysics may also become a member 
of the University’s Institute of Geophysics. 

The salary range for lecturers is SNZl 9.140 to SNZ23.520 per annum. 

Conditions of appointment may be obtained from the Registrar of any 
University in New Zealand or from the undersigned with whom appli- 
cations close on 15 October 1981. 

Appointments Officer 
Victoria University of Wellington 
Private Bag, Wellington 
New Zealand 
Telephone: 721-000 


QMphyalolat. Faculty position tor 12-montii. 
tenure (rack appointment. A sea-going marine sals- 
moJoglstwHh Interests In seismic reflection, refrac- 
tion. or mfcroselamWfy la sought. Card Id ales wth 
strong backgrounds In non- marina wbmotogy or 
other branches ol marine geophysics wfl also be 
cona Wared. Duties tnefuda maintaining active re- 
search programs and obtaining outside landing, 
leaching graduate courses and supervising gradu- 
ate students. Rank ta Associate Professor. Appli- 
cants who meet al requirements, bul have teas 
experience than la normally required for Associate 
ProIfSBOr rank, vriJ be considered tor appoWmenl 
al ihe rank ol Assistant Prolessor. Salary— $24,000 
lo $37,000, commensurate wHh experience. Sand 
resume and names of ihrae references by 1 Octo- 
ber 1861 to G. floss Heath. Dean. School of 
Oceanography, Oregon Stats University, Corvallis. 
OR 97331. 

08U is an alllrmaiivo action/equal opportunity 

«PPtoy 

SERVICES' 

MnoutUM DlpOtlTI. If ybu are financing, 
planning, designing, deploring, .drilling, or digging in 
connection with any form of energy, you new] tills 
complete, up-kHtsla book about the world's petro- 
leurndep<»Ka- Ihcfwtos' production and rertorves' lor 
’ mas. Hardcover, 8 x 9 Inches, 378 pages. Table 
« contents, drawings, Index, reWfiHtoea, 1974. 

$50. Titsch Associates, 120 Thunder Road, Sud- 
bury,MA 01776. ' .' { . 


1981 Midwest Meeting 

Plan to Attend 

September 17-18 
Minneapolis, Minnesota 

Radlssoh Hotel (Rates: Single $34, 
Double $40, Triple $12.50 per person) 

Special Sessions: 

Thursday 

• Mantle structure and dynamics 

• Hydrology In the mid-can ti Den- 
tal U.S. 

Friday . 

• Precambrlan crustal evolution 

■ of the North American continent 

• Sedimentary paleomagneilsm: 
Geological history from the re- 

' cent to the Preqambrlan 

• Rock water interacllqns; Hydro* V 1 
thermal processes and metalfe- 

, genesis • ' •• -. 
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AGU 


The Sixth Presentation of the 

Maurice Ewing Medal 

by the Amorlcan Geophysical Union and the United 
States Navy 

10 

Manik Talwani 

for loadorshtp In marine geophysics 



Citation 


Manik Talwanl's impact on the geosciences clearly 
places him among those who deserve to be honored as a 
Ewing medalist. Ho has contributed major advances to our 
understanding ol Earth's fundamental characteristics and 
has provided direction that will help guide geological/geo- 
physical research long Into iho future. 

Born tn Patiala, India, In 1933. Manik earned bachelor's 
and master's degrees at Delhi University. In the mid -1950's 
he moved to the United Slates and enrolled in Columbia 
University for his Ph.D. studies. It was Ihe beginning of a 
long association between Manik and Columbia. Whan he 
earned his Ph D. In 1959, 11 was already apparent that he 
was destined to make a significant impact on the geosci- 
ences. He has been the recipient of several Important 
awards lor his contributions and leadership. These include 
Ihe first Krishnan Medal In 1965, from his home country, 
and the Macelwano Award from the American Geophysical 
Union, In 1967, for his pioneering achievements in ihe ap- 
plication of marine gravimetry to studies of Earth's crust 
and upper mantle. Since 1970, Manik has been a professor 
of geology at Columbia, and for 8 years he served as direc- 
tor of Lamonl-Doherty Geological Observatory. This eve- 
ning, lor his continuad conlribu lions and leadership. Manik 
is being awarded the Maurice Ewing Medal. He is truly 
qualified for this distinction, based on his many important 
original contributions to marine geophysics, ocean technol- 
ogy and Instrumentation, and also for his outstanding ser- 
vice to marina science. 

Manik's approach to science can probably be best char- 
acterized with ihe word 'completeness.' He first identifies 
the problem (always major ones), than designs critical and 
ingenious experiments through which to attack the problem 
and finally, subjects the data to thorough analysis specifi- 
cally l altered to the particular problem. The vehicle for at- 
tack has generally been the oceanographic expedition. The 
innovative technology and computational methods he has 
developed have become Ihe orthodox methods, and the 
scientific results ha has obtained have become milestones 
in the study of Earth. 

From 1959 to the early 1960*3, Manik. along with J. La- 
mar Worzel and Maurice Ewing, developed computational 
schemes for gravity and magnetics and the methods to 
minimize errors in marine surface ship gravimetry; these re- 
main Ihe foundation of marine gravity and magnetic math- 



Meetings 


River Diversion and Dams 


The Brazilian National Committee on Large Dams is or- 
ganizing ihe International Symposium on Layout of Dams 
in Narrow Gorges. The meeting, scheduled for April 26-27, 
1982. in Rio do Janeiro, will discuss recenl developments ' 
on Ihe design criteria and construction methods of dams 
where narrow site dimensions require an innovative or un- 
usual layout. Included will bo hydrologic criteria for river di- 
version. 

Deadline for submission of papers is December 15 For 
addiiional Inlormalion. oonlacl Fiavlo Miquez de Malta Or- 
ganizing Committee. Brazilian National Committee on' 
Large Dams, Rua Real Grandeza, 219, 2281, Rio de Janei- 
ro. Brazil. 


National Radio Science Meeting 


The second announcement and call for papers has been 
Issued for the National Radio Science Meeting, stated lor 
January 13-15, 1882, at the University of Colorado at 8oul- 
der. 

The meellng is sponsored by the U.S. National Commu- 
ted for the International Union of Radio 6clence. In cooper- 
ation with 10 IEEE groups and societies. 

To receive the list of special paper topics solicited lor foe 
meeting and to receive directions on Ihq preparation of ab- 
stracts, write to Iha U.S. National Committee for URSI. Na- 
tional Research Council, 2101 Constitution Avenue. N.W,, 
Washington, D.C. 20418. Deadline lor attracts Is October 1. 


ods to ihis day. Since then there Is virtually no marine geo- 
sclenlist who has not, directly or indirectly, benefited from 
these accomplishments. Seeing the value of precise navi- 
gation, Manik also contributed significantly to the develop- 
ment of ihe satellite navigation system, which has obvious- 
ly benefited us ail. During the 1960's and following years, 
Manik, with his colleagues, applied these techniques to the 
investigation of many Important geophysical problems. To 
name a few, they include his investigations of the Mid-At- 
lantic Ridge and the East Pacific Rise, the Puerto Rico and 
Tonga trenches, western North America, and the Caribbe- 
an region. All of these studies contributed basic Information 
for the Ihen-emerging new Ideas of seafloor spreading and 
plate tectonics. Indeed, we owe Manik for so many discov- 
eries: the existence of the low-density upper mantle, the 
nature of Ihe magnetized crust under midoceanlc ridges, 
the nature of the bulge in the oceanic plate before its sub- 
ductfon. and the detailed structures of numerous passive 
margins. The detailed analysis of the spreading history In 
the North Atlantic, carried out with Walter Pitman, is anoth- 
er classic contribution. 

More recently, Manik’s Insight and scientific drive have 
led him to Ihe development of large, towed seismic arrays 
(or the future study of not only Ihe sediments but also of 
Ihe underlying crust and mantle. His vision has also some- 
times pointed 'upwards.' For example, he played a leading 
role In Ihe moon gravimetry program of the Apollo 17 mis- 
sion. He has also been actively engaged In Ihe analysis of 
aatelliteborne radar altlmelry. However, Manik now appears 
to be directing his vision Vertically downward' into the great 
depths of Earth. We can expect he will soon be showing us 
new details of Earth's deep structure and processes. He is 
truly an insatiable explorer. 

In addition to his many sclenliffc feats, Manik has also 
contributed greatly to the promotion of ocean sciences. He 
has played a fundamental rote In the development and 
guidance of the Deep Sea Drilling Project. His contribution 
In this regard, for which Manik probably deserves our high- 
est appreciation, is his leadership as the director of La- 
mont-Doherty Geological Observatory. Under his leader- 
ship. significant Investigations, too numerous to list, have 
been produced by scientists working at that Institution, in- 
cluding many visiting researchers from ail over the world. 

As one of the several Japanese scientists who have been 
privileged to spend some time at Lamont-Doherty. I would 
like to express my personal gratitude to Manik on this occa- 
sion. It was really our great pleasure to work In such a 
stimulating environment and to become acquainted with 
Manik and his beautiful family. 

It is most appropriate Indeed that Manik Talwani, who 
may be considered a stepfather of Lamont-Doherty Geolog- 
ical Observatory and who has maintained a position of ex- 
cellence for that Institution for so many years, Is awarded a 
medal bearing the name of its paternal father. In 1967, In 
his response to the citation prepared by Maurice Ewing and 
Earl Dressier for the Macelwane Award, Manik said 'noth- 
ing could give me any greater encouragement.' His subse- 
quent activities amply prove his remark. Today, through 
this award of ihe American Geophysical Union. Doc Ewing 
nas once again provided encouragement to Manik Talwani 
for many years to come, and we can rest assured that 
Manik will continue to lead us in our scientific endeavors 


Acceptance 


Selya Uyeda 


Thank you Seiya. 

PrB ;' d ® nt - ,adles and gentlemen: Doc Ewing has In- 
deed provided encouragement to me-sometlmes In most 
unusual ways. But, If he were here today, I am sure he 
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would not mind my telling you a few things he dtd<wi™ 
me— not directly, anyway. 0 wUeath 


The first semester I was at Lamont as a students 

""""“eH nlwa a nniirea In 11 W3$ 


supposed to give a course In seismology As 
he spent almost the entire semester at sea ulrtoX? 1 ' 
making many important discoveries. So, we did 
much seismology. When he came back he made unS 
by giving all of us A's for the course. p tonl 

T J h « n9X i! 8em “ t0r he was supposed to teach us graft, 
This time he sent me away on a trip — actually ji JJT 1 
measure gravity in the Bahamas. I learned how 
gravity meter and to operate a winch but not much • 
got an A In that course too. eJS8 ' 1 

The following summer he asked me to go to sea 
on VEMA. This time he taught me how nSto sh£t«£ 
slves. Because 1 had earned an A in my seismology 
course, I was made In charge of an ocean bottom seismo. 
graph. This seismograph looked something like a lawn 
mower, and it worked on the bottom of the sea There m. 
a rather complicated electrical switch within the seism* 
graph. This switch had to be carefully set In the 'off cos! 
tton. The Instrument was then lowered to the bottom of the 
sea. but It was still connected to the ship by electric wires 
and at this point somebody had to connect sticks ol dyna- 
mite to the electrical wires. The catch was that if thatswitdi 
In the seismograph, now lying on Ihe bottom of the ocean 
was not set properly, the dynamite would go off as soon as 
Ihe connection was made. I figured that Doc should take 
the risk of making the connection. After all, he was the fain- 
ous professor, the world's leading geophysicist, etc. etc-l 
was Just a student. Doc looked me In the eye and asked' 
me If I was sure the switch was off. I said, 'Doc, I am rea- 
sonably sure.’ 'Well,' he said, 'if you are reasonably sure, 
why don't you make the connection,’ and he proceeded to 
stand back at a safe distance. Well, I didn't have much 
dioice. I made the connection; the dynamite did not go oil 
In my hands. But, from then on, when dealing with explo- 
sives, I made absolutely sure, not just reasonably sure, it 
was a good lesson. 

On many occasions Ewing expressed the hope lhai his 
students would follow In his footsteps. While this was an 
admirable goal, his paths led at times to dangerous situa- 
tions and hls visions to precipitous heights. A scientist 
faces three kinds of obstacles. Scientific obstacles, and 
Doc invariably found his way around them; natural obsta- 
cles— wind, weather, rough seas, etc., and with the help ol 
the good ship VEMA and its captain, Henry Kohler, Doc 
overcame these also; then there are political obstades, and 
Ewing was just no good at negotiating those. Ten years 
ago, at the height of hls career, Doc felt forced to leave the 
Institution that he had spent virtually his entire lifetime In 
building. I doubt, though, that Doc intended hls sludenlsto 
follow in hls footsteps quite that far. 

Mr. President, by giving me this award, you have also 
given recognition to my coworkers and students, because, 
surely, the award reflects our joint work, not just mine. I 
would also like to express my great appreciation to the U.S 
Office of Naval Research, which through the years has pro- 
vided magnificent and understanding support to basic re- 
search. Many Important experiments and collections ol 
data, which we now take for granted, would never have 
happened but for the foresight of the Office of Naval Re- 
search. 

Mr. President, I am deeply touched by the honor you 
nave done me, and I can honestly say that I was never 
more proud to be a fellow of the American Geophysical 
Union. 


Manik Tabm 


Special Sessions ’Additional special sessions 


Geodesy. Results from Satellite Altimeters; The Gravity 
Field: Techniques, Instruments and Results 

Geomagnetism and Paleomagnetfsm. Magnetite Bio- 
mineralization by Living Organisms 

Hydrology, impact of Richards' Equation: A SjjJS 
tennlal Session; Symposium on Geophysics and Grow-, 
water— Methods, Applications, Problems; Erostorv-^J®' 
mentation Processes In Mountainous Terrain; Q roun ( ^™^:. 
Contamination: Product of a Technological Society; wws 
acterizatlon of Variability and Uncertainty In Water 

Meteorology. Thunderstorm Dynamics Eleotrirtj^ 
and Recent Results from TRIP; The Use of Finite ' 
m Meteorology and Oceanography; The Tropo gBP^ffi 
Sfotosph sric Exchange of Wale 1 ' ^ fl p nr nVer 
NASA txperiment, August-September!980* -y m 


, Oceanography. Marginal Ice Zone Processes, Hj|| 
(High-Energy Benthic Boundary Layer Experimen%J® 

Coast Shelf Circulation; Verna Charinel.vJ^^[fff^ 
chemistry arid Sediment Dynamics; HawelbTahltl WJS 

Experiment; Mid-Latitude Large-Scale Variability! W 


i . - . * i 






. of Coastal Circulation over Topographic feature 
• n? a 1 no p r8ph y : Palepceanography; Estuarine Pi 
Physical, Chemical and-Biologlcal; 

dyna mics of SedlmantatlonTfcSouth j 

N odule FroIIgL 




Planetology- Microwave Observations of the Planets; 
kJ^Ic Processes In the Solar System 

eg {sinology. Multichannel Seismology; Observed Data 
fromlhe Hazer Explosive 

SPR-Cosmlc Rays and Solar and Interplanetary Physics. 
Sotar-Terrestrial Theory Program, Part II (Cosponsored by 
SPR-Magnelospherlc Physics and SPR-Space Aeronomy) 

SPR-Megnetospheric Physics. Aurora and Substorms 
[POSTER SESSION); Plasma Waves and Instabilities in 
Lea (POSTER SESSION); Laboratory and Space Experl- 
2; Solar-Terrestrial Theory Program Part I (Cosponsor: 
SPR-Cosmlc Rays and SPR-Solar and Interplanetary Phys- 
ics); Magnetospheres of Jupiter and Saturn 


Tectonophysics. 
mentary Basins 


Rheology of the Lithosphere; Sedl- 


Vdcanology, Geochemistry , and Petrology. Geology of 
LoN Seamount; Chemical and Convective Stratification of 
Is Mantle; Petrogenesls of Igneous Rock and Intraoceanlc 
Volcanic Areas; Volcanic Processes in the Solar System; 
Eioteslve Volcanism: Inception, Evolution, and Hazards* 

Session Highlights 


Meteorology 

The Tropospheric-Stratospheric Exchange of Water Va- 
por Over Panama; The NASA Experiment, August-Sep- 
Mtw 1980. The NASA Ames U-2 aircraft, 10 airborne 
experiments, and a team of NASA, NOAA, and university 
atmospheric scientists deployed to Panama In August-Sep- 
ismber 1980 to perform detailed studies of the role played 
by large cumulonimbus clouds in transporting water vapor 
into the stratosphere. Beside helping to explain why the 
stratosphere Is so unexpectedly dry, the studies will also 
contribute to our understanding of how atmospheric pollut- 
ants move Into stratospheric regions. For further informa- 
con contact W. A. Page, Chief, Atmospheric Experiments 
Branch, NASA Ames, Moffett Field, CA 94035 (telephone: 
415965-5404). 


Planetology 

Microwave Observations of the Planets. Studies of the 
panels, using active and passive radio techniques, have 
Really Increased our knowledge of their environs (including 
atmospheres), surfaces, and dynamics. These advances 
toe been achieved by using both spacecraft systems and 
Earih-based facilities. Abstracts summarizing current work 
cowing various aspects of the field are Invited. For fur- 
information contact Thomas W. Thompson, Planetary 
&8nce Institute, 283 S. Lake Ave., Suite 218, Pasadena, 
CA91101 (telephone: 213/449-4955). 


tectonophysics 

Sedimentary Basins. As a result of their geologic and 
gnomic Importance, sedimentary basins have been the 
subjod of Intensified study In recent years. This session will 
jombine presentations of new data concerning basin struc- 
jro and stratigraphy with results from theoretical models of 
solution. The focus of discussion will be the roles of 
^ng, flexure, and thermal processes in determining ba- 
jjgeometfy, subsidence, and marginal emergence. Ses- 
-7 chairman: D. L. Turcotte, Department of Geological 
prices, Cornell University, Ithaca, New York 14853. 

of the Lithosphere. Papers presented In this 
session will bring together observations of the de- 
M °f continental and oceanic lithosphere with theo- 
mai^n 0m P |rical laws describing the rheology of earth 
TftSUr 6 # at lithospheric temperatures and pressures. 

of discussion will Include the validity of extrapolating 
to!® , da| a to geologic strain rates, the role of fluid as a 
oi » mec henlsm, the effect of chemical differences 
taistJ ? reri 9 th ' and the extent to which linear approxlma- 
o in e stress/straln laws can describe the observa- 
torifls 4^ S 0n finnan: John Rundle, Sandla Labora- 
' ™querque, New Mexico 87115. 

Volcanology, Geochemistry, and Petrology 

° f j-olhl Seamount. Loth! seamount lies 30 km 
befifliorS °„ the ,8,an d of Hawaii. Recent studies show It to 
lava* ,^7 a,| y active and covered with young glossy pillow 
Lcatfithf ? ton ' and 0v| dence for recent volcanic activity, 
Hawaiian c Lo|hl 80am ount Is the youngest volcano In the 
volcanic chain. Due to the small size ' 
bexamin volcano It is possible, for the first time, 

Hawaiian w , Bar, y submarlne-shleld-butldlng phase of 

can * Bm - This session will consist of Invited and 
kiLnirtn 1 a P Brs on the results of recent geophysical 
Photographic, and petrologic studies of the 
Qftnu!? 8 ' , Th8 Msslori organizers are David Clague, 
mio p S urv0 ry (MS 99), 345 Middlefleld Road, 

94025 (telephone: 415/856-7133) and Alex 
301/443.87^’ N0AA ' Rockville, Md 20852 (telephone;: , 

Convective Stratification of tfo Mantle , , jt 
the surf JI 808 amon 9 sarth scientists that.plate te'ctpr|cs. ; 
hunSl na, ? lte8tat, Ph of convective processes in;the ; ; 
nttlriagreementon foe vertical scale,,, 
-oiiona material How Involved Iri plate^. ; , 

*NmanS ntly rec0 lvlng much attehtiontethe'hyp^her. 
■ oonvectlori is stratHjed^ IritP hMo.pr foo^ ■ 


shells of different compositions, separated by thermal and 
perhaps mechanical boundary layers. This special session 
will focus on the geophysical and geochemical evidence for 
and against this hypothesis. The session organizer is 
Thomas H. Jordan, A-015, Scripps Institute of Oceanogra- 
phy, La Jolla, CA 92093 (telephone: 714/452-2809). 

Petrogenesls of Igneous Rocks in Intra-Oceanlc Volcanic 
Arcs. Intra-oceanic volcanic arcs are built on oceanic 
crust and are associated with subducllon zones. As such, 
magma contamination by continental crustal rocks Is ab- 
sent, and the Igneous rocks are thought to be products of 
magma generation In the mantle and/or crust with geo- 
chemical and physical effects contributed from the subduct- 
ed slab. Some specific petrologic problems of Igneous 
rocks in Intra-oceanic volcanic arcs Include (1) the sources 
of magmas, (2) the chemical and physical effects of the 
subducted slab on the geochemical characteristics of the 
magmas, (3) the relative proportions of erupted rock types, 
(4) the eplsodlclty of volcanism, (5) Ihe possible geochemi- 
cal maturing, (6) the time and space relationships of vol- 
canic and plutonlc rocks, and (7) the association of arc vol- 
canism and melallogeny. This session will be organized to 
focus on one or more of these specific petrologic problems. 
The session organizers are Tracy L. Valller, U.S. Geologi- 
cal Survey, 345 Middlefleld Rd., Menlo Park, CA 94025 
(telephone: 415/858-7048) and Robert W. Kay, Department 
of Geological Science, Kimball Hall, Cornell University, llh- 
Ica, NY 14853 (telephone: 607/256-3461). 

Explosive Volcanism: Inception, Evolution, and Haz- 
ards. The volcanic process will be considered broadly 
from the viewpoints of magma generation, migration, emis- 
sion, and the consequences of explosive eruption. Magma 
genesis will be examined both in evidence from upper man- 
tle xenoliths and Isotope ratios for volcanic rocks. Possible 
circumstances of magma generation will be evaluated for 
both compresslonal and extenslonal tectonic environments. 
Some aspects ol social and environmental crises caused 
by explosive volcanism will be discussed. This symposium, 
organized In cooperation with the National Research Coun- 
cil, will have sessions ol both invited and contributed pa- 
pers and will emphasize volcanic relations in the western 
United States. The session is being organized by F. R. 

Boyd, Geophysical Laboratory, Carnegie Institute of Wash- 
ington, 2801 Upton Street, N.W., Washington, D.C 20008 
(telephone: 202/966-0334). 

PlanetologyA/olcanology, Geochemistry and 
Petrology 

Volcanic Processes in Solar System. This session will 
examine the range ol volcanic activity on different planetary 
bodies within the solar system. Included will be discussions 
of sulfur volcanism on lo, generation ol basaltic magma on 
the moon, the volcanic history of Mars, and the role ol plate 
tectonics in controlling styles of terrestrial volcanism. Em- 
phasis will be placed on volcanic processes and compari- 
sons between mechanisms operating on Earth and ihose 
on other planets. The session Is coorganized by Ihe Planet- 
ology and VGP sections and will include both invited and 
contributed papers. The organizer is Michael H. Carr, U.S. 
Geological Survey, Menlo Park, CA (telephone: 415/323- 
8111, ext. 2361). 

Program Committee 

Meeting Chairman. Martin Wall, Lockheed Missiles and 
Space Company 

Geodesy (Q). Bob E. Schulz, University ol Texas at Aus- 
tin 

Geomagnetism and Palaomagnetism (GP). Maureen B. 

Steiner, University of Wyoming; Jack Hillhouse, USGS 
Hydrology (H). Edward D. Andrews, USGS 
Meteorology (M). Ronald C. Taylor, Nalional Science 
Foundation 

Oceanography (O). Barbara Hickey, University ol Wash- 
ington 

Planetology (P). Richard Simpson, Stanford University; 

James B. Pollack, NASA Ames 
Seismology (S). Robert J. Geller, Stanford University 
SPR-Aeronomy (SA). Thomas A. Potemra, The Johns 
Hopkins University ..... 

SPR-Cosmlc Rays and SPR-Solar and Inlerplanetaiy Phys- 
ics (SS/SC). George Gloeckler, University ol Maryland 
SPR-Magnetospherfc Physics ( SM ). Michael Schulz, 
Aerospace Corporation M _ _ 

Tectonophysics (T). Marcia McNull, USGS 
Volcanology, Geochemistry and Petrology (V). G. Brent 
Dalymple, USGS 

General Regulation* 

Abstracts msy be rejected without consideration of Ihelr 
content If they are not received by the deadline or are not 
In *h0 proper format. Abstracts may also be rejected If they 
wntaln material outside the scope of AGU activities or be- 
, ^1,80 they contain material already published or presenled 
Share ONLY ONE CONTRIBUTED PAPER BY THE 
sS FIRST AUTHOR WILL BE CONSIDERED for pro- 
■ Station; addiiional papers (unless Invited) will be. auto- 

C^rily 1 members may submit an abatracLjhe ab- 
street of a nonmember must be accompanied by amem-, 
berahlp application form (with payment), or It fousl be spon- 

■, SarSSmust bo/UvedBt AGU by.Septom- 
to an additional $25,00. charge. - • ... ■ 

WinSiwiedge receipt of an abstract by .rekjmlng 
1 author. Notification of ac- 

v W .SfiJlB tptormatlpri will be mailed In late 

.• " ... L • ■' . .i’ **.. • 
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Ten minutes is normally allowed for the presentation or 
each contributed paper, and only 2" x 2" (35-mm) slide 
projectors and viewgraphs are usually available as stan- 
dard equipment at the meeting. All other equipment is 
available at cost, plus a $10.00 billing charge if we have lo 
Invoice. 

Instructions for Preparing Meeting Abstracts 


Sample Abstract 
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The abstract page is divided into two parts: the abstract 
Itself and the submittal information. Follow the instructions for 
both carefully. Pleaso use a carbon ribbon to type the materi- 
al, and do not exceed the maximum dimensions ol the ab- 
stract ol 1 0.4 cm by 20 cm. Abstracts that exceed the noted 
size limitations will be trimmed lo conform to the proper di- 
mensions. 

The meeting program will be prepared by photographing 
the abstracts exactly as they are received Use the model 
abstract to prepare ihe final version Submission ol an ab- 
stract tor an AGU meeting is presumed to carry with it per- 
mission tor AGU to reproduce the abstract in all editions of 
Eos and in the programs and reports relating to the meeting. 

It is also presumed to permit the tree copying of those pa- 
pers. Although Eos Is a copyrighted journal, authors are not 
requested lo transfer copyright; copyright, where it emsis. will 
be reserved by the authors. 

Submittal Information 

Numbers refer to Hie items in the submittal block on the sample 
abstract. 

1 . Title of meeting. 

2. Identification. (Only members may submit an abstract; 
this includes invited authors.) — Type identification number of 
one member author (ID number is the line consisting of 4 
letters followed by 6 digits; see member's mailing label on 
Eos or journals) or if no author Is an AGU member, type the 
ID number of the member sponsor. (Sponsor's name must 
also appear on the abstract at the end of the author portion.) 

If no ID number is given, a membership application and dues 
payment must accompany the abstract. Call AGU Member 
Programs (202-462-6903) immediately if you need an appli- 
cation. 

3. Corresponding address. — Give complete address and 
phone number ol author to whom ail correspondence (ac- 
knowledgment and acceptance letters) should be sent. Ab- 
breviate as much as possible. 

4. Section of AG U to which abstract is su bmilted.— Use let- 
ter abbreviations of one of the following: G (Geodesy), GP 
(Geomagnetism and Palaomagnetism), H (Hydrology), M 
(Meteorology). O (Oceanography), P (Planetology), S 
(Seismology), SA (Aeronomy), SM (Magnetospheric Phys- 
ics), SC (Cosmic Rays). SS (Solar and Inlerplanetaiy Phys- 
ics),! (Tectonophysics), VGP (Volcanology, Geochemistry, 
and Petrology). U (Union). | 

6. Type title of special session (if any) lo which submittal Is 
made. 

6. Indicate your preference for a particular kindol presenta- 
tion by one of the following fellers: O for oral, P for poster. 

The chairman may assign your paper to either of these types 
of presentation in order to fit hls prograqi plan. . 

7. Percent otmaterlal previously presented or published, 
andwhere. - 

8. Billing InforfoaUon . 

a. Complete billing address If other than the correspond- . 
ing address (item 3 above). 

b. .If purchase order Is to be Issued, rndlcpte number. ■’ 

( Please have issuing department list nam e of first author and 

. : title of paper on POO . 

..'■ft- II student member lathe first author, the studentput?- 
; llcation rate Is applicable. Indicate 'student rate applicable.'. 

9. Indicate whether paper Is C (contributed) qr i (Invited). If , 

Invited, list nam 0 oflnvlter.; ; V 
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